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PREFACE 



This book is intended for beginners. Its aim is to pi'ejiare the 
student for a more extended course in any one of tiie special lines 
of drafting. The endeavor has been to make the book comprehen- 
sive enough for use in schools and colleges, and. at the same time, 
to have it meet the needs of tlie student who must studv the sul)- 
ject with little if any help fmrn a teacher. In the preparation of the 
work the author has assumed : 

1. That those who will use the book will have a working knowl- 
edge of, at least, the elements of geometry. 

Hence gei.imetrical definitions and oonstniclions are omitted. 

2. That machine drawing, bridge drawing, and other more ad- 
vtmced applications of mechanical drawing are better omitted from 
a course designed to be iutrotluctory to onij kind of instrumental 
drawing. 

3. That the success of any course depends largely up(jn the nature 
of its problems. 

Hence eacli problem has been cliosen for some definite principle it illustrates, and 
the whole so arranged as to form a progressive series. (See introduction to iiroblenis, 
page 1.) 

•i. That information worth giving to the beginner is worth o-ivino- 

in book form. 

Hence the numerous and explicit direclinns and suggestions of the fiist three chap- 
ters, so grouped and arranged as to be eas}' of reference. 

5. That in teaching mechanical drawing there is a hoitimott use 
for models. 

Hence the insertion of photographs throughout the hook. The advantage of these 
photographs over ordinar}- models is obvious. 



(■). That orthographic projection, because of its importance, should 
have the fullest and most systematic treatment. 

7. That in the treatment of orthographic projection a few of 
the fundamental principles of descriptive geometry must be made 
clear. 

Tlie use fif jihotograjihs of models enables this to Ijc dune without |ilunL;ing 
the .student beyond his depth in abstract theory (Chaps. V. and VI. See Art. ^Tt, 
page 471. 

S. That a chapter of concise ]iractical directions Tor persjiective 
drawing will Ije welcomed by students and draftsmen who do not 
care to study a more extended treatise on the subject. 

The autlior's friend and colleague. ]\[r. E. II. Lockwood. has had 
no small part in the preparati(jn of tins Ijook. Mr. Lockwood and the 
author orioinalJv planned to write it together. Prevented from sharinor 
in tlie actual \v(]rk. the former has liatl at all times an author's inter- 
est in the bi:)ok"s success. He lias jihiced at the author's disposal his 
pamiililet on Mechanical Drawing, and T'liaiHer V. is a revision of a 
similar c]ia]>ter in this pamphlet. In addition, ilr. Lockwo<:)d has 
kindly contributed Chapter VII.. on perspective. 

The author is also indebted to the following graduates and students 
of the Sheffield Scientific School: Messrs. Patterson, Ilopton. Rogers, 
Hastings. Ilowarth, and Weaver, for contriltuting the drawings at the 
end of the book ; and to Mr. L. D. Tracv. for checkintr the worilino' and 
dimensions in the manuscript of the problems. 

J. C TRACY. 

New Havex, Xonmber, 1S97. 
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I'ROBLEMS 

INTRODUCTOKY ,-,ll,,„. j^ j^, ^ g,,-,^,j ^,|.,„ ,„ j,,.,^^, j.,.,,^, 1,^ I,, cal.inet and Plate III. in isometric, 

The problems licre given constitute two distinct but parallel courses of thus introducing an additional plate in each of these projections, 
twenty -six plates each. Any problem of course ii can be substituted for the In connection with the rccpiired course there is an optional course, consist- 
corresponding problem of the same plate, coui'se li, (ir vice versa, witlmut affect- ing of drawings to be made diitxhU' «/' the I'l'gular exercises. This course aims 
ing the general plan. The courses (/ and h are, therefore, e(pii\ aleiit, ami either to give practical applications of the ])riiiciples tjuight in the regular course. It 
one can be pursued, or a combiuatidu of both, thus enabling different [ilates to is designed for those students wdio intend to pursue one of the courses in eren- 
be arranged from year to year. The principles which these problems illustrate neering, as well as for all ntliers wlei desire to gain a mure practical knowledi;'e 
arc explained in the sueceeding chapters. The general directions for drawing of drawing than they otherwise would. (Jreat freedom should lie allowed in 
the plates are given on page 2. this course, ami the student should be eiu'oui-aged in orii;inal wiirlc. In this 

The problems for the most part are limited to geometrical solids, because way the student can begin to m.ake "working drawing's." The instructor can 

these are easilv described in print. The solids, however, are so combined as to by personal supervision make this pail of the course of great value. liv intid- 

furnish new aiul useful variations iu manv cases. The advantage to the student ducing optionals the rcipiired course can bo len^'thencd ; by omittini; certain 

of drawing an object solely frcun a printed descri|itiou is obvious. plates it can be abridged. Few beginners will be able to draw all the (■ptiiui- 

In general, two exercises of one and one-half hours each will be required for als ; the instructor can recommend to each student those wdiich will be of the 

a plate. The first three plates and two (U' three others may require additional most value to him. 

exercises. From ninety to a hundred hours should be a suttieient time in w liich The notes at the end of each plate are designed to aid the student. In 

to complete cither course as given. An instructor can easily adapt the course to many cases they warn him against common mistakes. Tlie instructor should 

loufcr or shorter exercises by changing the number of pr<dilenis on a plate. insist on the student I'eading these notes and studying the articles rcferreil 

Since each plate is divided into as many equal parts as there are pi-oblems, it is to iu connection w ith a plate before beginning to draw that plate. The direc- 

easv to estimate how much space should l>e allowed for each problem. Though tions, which are numerous at first, deci'ease in nundier as the course proiiresses, 

the i>hites arc intemled to be 22" x lo", with a 21" x l-l- ' border line, this size and the student is better able to W'uk without assistance. 
can be changed if the number of problems on each plate is also changed. Isometric and cabinet projections have been used in manv plates to illns- 

Only three plates are given in isometric and cabinet, as practice in these trate problems in orthographic jii'ojecti.ui. The finished figure or picture which 

projections will be gained in illustrating orthographic projcctiiui. If time will results in any particular case is, perhaps, of little value. The irork vn-i'ssiin/ in 
1 
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drawing it, however, is of ij real value to t/te student in understandinr/ ortlioyrapJiic 
projection. Tlie instructor, however, slioukl make it clear at the beginning that 
this is of 110 practical benefit after a knowledge of orthographic projection has 
been acquired. Tliis method of teaching orthographic [)rojection is unusual, 
but it has been tried with such success as to warrant its introduction in this 
course. 

Special Directions for Making Plates. — For each plate of this course 
there will be a border line 14"x-il". The space within this border is to be 
subdivided into as many smaller equal rectangles as there are problems. Each 
figure is to be located symmetrically with respect to the sides of its own rec- 
tangle. See Art. 25 (c). When thought desirable the figure has been more 
definitely located by two co-ordinate distances (.r and y) of some starting-point 
from the left-hand and lower sides of the rectangle ; x represents the distance 
of this point from the left-hand side, and y from the lower side of the rectangle. 
Unless otherwise noted the starting-point is the lowest point of the figure ; if 
there are two or more such points, the left-liund lowest point is chosen. 

An article or note referred to at the end of a problem has special bearing 
on that problem. Never begin a [)late or problem without reading the articles 
and notes thus indicated. 

Problems are to be arranged in order lengthwise across the paper, each row 
beginning at the left-hand edge. 

The number of the plate, as, for example, Plate I., should be printed below 
the centre of the upper edge of the paper, just above the border line, in letters 
about j?^" or J^-" high. Ink in the border line about ^V" wide, and the lines 
between the different problems about as light as the pen will draw. 

PLATE I 

1 (a). Draw twelve horizontal lines, one under the other, 31" long and i" 
apart. At right angles to these, draw eight lines -\" apart, thus forming a rec- 
tangle 2|^" wide by 31" long, composed of seventy-seven smaller rectangles 
1" l,v 1" 

1 (/j). Draw a rectangle the horizontal sides of which are 3| " long, the ver- 
tical sides 11". Draw a second rectangle the horizontal sides of which are \l" 
long, the vertical sides 2|". The centres of the two rectangles coincide. Sub- 
divide the first rectangle by horizontal lines 3J-" long and -]-" apart. Subdivide 
the second rectangle by vertical lines 2|-" long and \" apart. The finished fig- 



ure will then be composed of thirty-six 1" squares, twelve i"xl" rectangles, 
and twelve -|" X |-" rectangles. 

2 (<i). Diviw the figure of 1 (a) when the parallel lines in one direction are 
30° lines; the parallel lines in the other direction will then be 60° lines. 
:r = 3a.", y = -i". (Note «.) 

2 (4). Draw the figure of 1 (Jj) when the parallel lines in one direction are 
30''' lines; the parallel lines in the other direction will then be 60° lines. 
(Note h.) 

3 (a). Draw the figure of 1 (a) when the parallel lines in one direction are 
45° lines; the parallel lines in the other direction will also be 46° lines. 

3 [h). Draw the figure of 1 (h) when the parallel lines in one direction are 
45° lines; the parallel lines in the other direction will also be 46° lines. 

4 (a.). Draw the figure of 1 (o) wdien the parallel lines in one direction are 
15° lines; the parallel lines in the other direction will then be 75° lines. 
j^ = 4", y = 3-V'. (Noter.) 

4 (i). Draw the figure of 1 {])) when the parallel lines in one direction are 
16° lines; the parallel lines in the other direction will then be 75° lines. 
(Notec.) 

GEOMETRICAL CON.STRUCTIONS 

5 (a). Given a hoi'izontal line 41" long. At the centre of this line erect a 
perpendicular lino extending 1-|-|" above and 1^" below the given Hne. Use 
the compasses only in finding the perpendicular. 

5 (i). Same as 6 (a), except that the given line is a 30° line. 

6 (a). A 30° line 3 jL" long and a T5° line 3i-^" long meet in a point, form- 
ing an acute angle. By means of the compasses bisect this angle by a third 
line 4|" long, .r^lj", y = ^\" (to vertex of angle). (Noted.) 

6 [li). Same as (((), except that the given lines are 15° and 60° lines re- 
spectively. .r=l", y=-J" (to vertex of angle). (Note d.) 

1 («). Given a 30° line 3-j\" long. Diviile it by a geometrical construction 
into nine equal parts, .r — l-J, ", // = y!j-". (Notec.) 

7 (b). Same as 7 (»), except that the given line makes any unknown angle 
with the horizontal. (Note e.) 

S [a). Given a circle 2" in diameter. From any point 3j\" from the centre 
of the circle draw two geometrically constructed tangents to that circle, 
•f^li", i/ = 2J'jr" (to centre of circle). 



niOBLEMS 3 

S (/)). S;iiiie as S (a), assnmino- the point anywhere ontsiile the c'lvclc. are siiiiill, fine dashes. See Art. 33 {!>). Tlie student is to use hi.s hidgment ni letterintr 

i) (a). Ih-aw a 4' eireh- au.l hv means ,.f tlie protr.aetor iusenl.e ,a pentauon. Seon.elrieal figures to mal<e themclearer. For c-xauiple, in Prol,. (> {.,) it miglit be well 

,, ,, ... ■ , , i" ,-,1 , ^ ■ M to print on the lines '■ at) LINE," "75 LINK. " and " nisECTdit 'respectively. 

!t ill). I>r;iw a 4 etrele atnl liy means ot tlu^ iirofraetor insentie a noiiaoon. ' . -.i , , , r 

^ ' • ' bee iSpecuu Duections, p:ige 2, lor title and lioruer lines. 

1(1 (lO- Vsing only tlie seale, T-s(piare, and triaiiiiies, draw .a hexajidu two 

sides of wliieli arc vertical. The length of a side is 'J". OPTIONAL 

lt» ('')• Fsino' only tiie se.ale, T-siinare, and triangles, dr.-iw ,a hex.ao'on two , , % ,. t i. • . ^i i i », ,c- r- 

\ ' ^ ■ ,,..,, " 1 (")• I'KEK-iiANP Lettering. — I nut the lower-ease letter <». (See rii;'. U, 

sides of wliicdi .arc horizont.al. The lenirth of a side is 2". r> ■ i i,- i t i .. ■ ^. i ^ .to \ t i- » i i i 

^ . Keinh.anlt s tmok on letteriiiL;'. See Art. SS.) Indicate L^v nninliers .and arrows 

11 ((')■ I'siuo- only the scale, T-sciuare, and triaimles, ilraw an oet.i^ou two , i i- .■ r ■ i , i i • ii i i i » ..i 

^ ' '. ,,,.,, '" the seiiuence and direetunis oi the strokes, leaving small breaks lietwecu the 

sides of wdiicli are liorizont.al. The lenutli of a side is 1-1". (Note/.) , „,, . , , ^i i r t »i ]\t i- i ,i • 

strokes. Ihis shows the luetlioil nt torninni' the letter. I nder this n jirint a 

11 (I'). Usino- only tlie se.ale, T-sipiare, and triangles, draw .an oetao-,.n no ,-,,,■ ,. i • ■,^- i i i i r,, . 

\ ^ • ..... horizontal line id several us, umittiiig- nnmhcrs, arrows, .and breaks. Ileal 

side of which is horizontal. The leii"-tli of a side is l,',". (Note f.) i i .. f *i i i i i * " i i ■. i i i. • • -i 

^ • ^ - . . . each letter ot the hiwcr-case alpliaL>et .aiiil each c.'ipit.al letter in a siniil.ar m,-iu- 

I'J ((()• ]>raw a 4" eiridc. Usiini' oul\ the T-sqii,irc and triangles, di\ide \r i ti i .* i * .i *i • n ■ i i,- i i t 

^ ' ^ . I .- i,^,,-^ M.ake the letters .about the same size as those in Leiiihardt s Inndc. L se 



this circle into tweiitv-four equal sectors. (Note,'/.) 

12 (I)). Draw a 4 " si|ii,are ; from each of its corners draw an arc of a circle 



not iiiore than twa. pencil giiidedines, one f<u' the ti^p and one fur the bnttoiu 
<d' the letters. Thi' arrangement of the whole jd.ate is left to the taste of the 



terininatiuL'- in the middle iioiiits of twn sides of the S(|iiaie. Ihvide e.acdi , 

^ ^ ' student 

duadrant of a circle thus formed into six equal |>arts, usiiiL;- only the T-suiiare ,,., ,, ^ j , i ti • »■ i n ii • t 4 

1 I 1 • .^ . 1 \\ iiu,, t|)Q student can do this optional well the instructor can arrange sev- 

aiul tiiaiig es. ^,|..^l ,^t]||^,.j;_ including mie whi(h groups the letters into words, and one on 

NOTES — I'L.VTE T letters of the lilock, Ee-yptian, .and lioinau systems, made free-h.and .-ind witli 

This plate is given to practise the student in the use of the instruments. It is to *•'>' instriiiuents. If time allows it is well to give :i course in lettering as part 

be drawn in pencil at the first exercise and inked in at the seemid, of the legul.ir rcipiireil course, 

1 (li). [To lie dr.awn iiiste;id of 1 {n) wlien lettering is jiart of the required 

Exeucise 1 course.] 1 'raw an orieinid geometrical design of str.aight lines, circles, and 

Before beginning this exercise read Arts. 14-1(1, IS („), (/'). (c). 10, iO (.M, i:t-07, .ar<'s nf circles. Aim at s\ iimielry and accuracy as well as ,a graceful, pleasing 

i^ft-oO. and the special directions I'ov making plates, ]i;ige 2. effect, 

I>raw a horder line 14 x '.'1 and di\ide the enclosed ^pace into twelve equal SJiaces, 

Place first four figures in the upjicr row, 

(.() In (-'), :! (.'), and 4 (.() the larger portion of the figure is to the left of the point 
located by ,r and i/. ISttMETiaC TKiLIECTlnN' 

(/') In (/i), :i (A), and 4 (/') the centre of each fisui'e is in the centre of its reetani;ie. .... 

(,■) See Art, 10(0, Fius. 4 and r,. and Arts, Km',?!, (.\ (.H , Figs. 6, 7, and ,s, ^'^'l-' •■'" isometric drawing ,.t : 

(,n In (1 (./I anil (i (M ''""itli lines forming the angle extend to the iii;lit of the point I("). A rectangular block l'xl-1- X 3" standing on a V'xll" end. 

located by . I' and .V. ■''='^i''i;" • ," = ' 's • 

(,) In 7 (./) anil 7 (.M use triansrles for drawing the parallel lines. See Art. 1(! (.n. ;^(/,) -pii^, ^.,,„^, i,i^„,|- -ig j,, -^ („) avIicu it is lying on a 1. I" x 3" face. 

(/') In 11 i^.') and 11 |,A) the distance between any two parallel sides of the octagon ,.__.,i:i' ,/^\-" 

1 " f o r. " ' 1 il ' ■ "^ ' 

'* •"""";'■> ■ -2 {<')■ A block 2i" square and f high ; in the centre of the upper face of 

' F.xEKCisK this lilock stands a second block l-V square ,-11111 -l" high; in the centre of the 

■n r ... ., , ^ ,, ,.,,-, ,11,. 1,.,. 1- ij,;\ , 1 /(-■•, 1,,^ ■is; 00 ,;,\ i,,\ -jq upper f.aee of the second block stands a third block 1 ' square .and ^" liigli. 
Before luUing the jilate read caretuli\ Ait^. 1.. is (I'l. (< 1, (,r 1, (,'/i. --s, .n ("i, ('- r t^.^- t' _ ,14- 

Tn geometrical problems ink in given and reqiiiied lines full, (_'onslruetion lines The corresponding edges of the three blocks arc ii.arallel. .'■^^.V', ,'/ = l-J". 



PLATE II 



AN INTRODUCTORY COURSE IN MECHANICAL DRAWING 



2 (i). A block 1' liig'li ; the base on wliicli it stands is H " X 3" ; tlio top 
face is l"x3"; the two sides have the same slope. .r = 2iA", i/ — \^^". 

3 (a). A block ^" high; the lower base is 1^" square ; the upper base is 1" 
square ; the sides all have the same slope. Standing on this block is a prism 1" 
square and 2" high, upon the top of which rests a third block exactl}' like the first 
except it is inverted, its 1" square base coinciding with the upper base of the 
prism. The centres of all bases are in a straight line. .r = 3J-", y = l". (Note a.) 

3 (6). Same as 3 (a) when the axis passing through the centres of the three 
blocks is horizontal instead of vertical. a' = 2iJ-", ?/ = l-J-". (Note a.) 

4 (a). A hollow 2^-" cube ; the thickness of sides is J-". In the centre of 
each face is an open hole 1-J-" square ; the edges of the holes are parallel to the 
corresponding edges of the cube. x=^3^-", yz^l". 

4 (A).. A hollow hexagonal prism 3" long; a side of the outside hexagon is 
I" long. The perpendicular distance between the outside and inside surfaces 
is j'g-". Half-way between the two ends there is a continuous raised rectangu- 
lar strip 1" wide by J^-" thick extending entirely around the outside of the 
prism. The 1" is measured parallel to a 3" edge of the prism. Assume two 
faces of the prism to be horizontal, the two ends of the prism being vertical. 
a;=r4", y = l-|" (to corner of rectangle in which largest hexagon of right end is 
inscribed. Figure extends to the left). (Note h.) 

5 (a). A solid which has for its front end a rectangle 2" wide by H" high; 
its rear end is 2|^" wide by 2" high ; the perpendicular distance between the 
two ends is 3y ; the four sides all have the same slope. Through the centre 
of each of these four sides there is a groove I" deep (measured pai'allel to ends 
of block), running lengthwise. These grooves are each |-" wide at the smaller 
end of the block and J" wide at the larger end. Assume the two ends of the 
block to be vertical. .r = 2|", y — IJg-". 

5 (h). A 2J" cube; in the centre of each face there is a raised block 1" 
square by \" thick. The edges of the blocks are parallel to the corresponding- 
edges of the cubes. a;r=3J-", v/ = l". 

6 («). A hexagonal prism .3i-" high; side of hexagon IJ-"; prism stands on a 
hexagonal end. Half-way up the prism there is a rectangular groove 1" wide by ^" 
deep extending entirely around the prism at right angles to its edges. x^'iJ'y-" , 
y=|-" (to the corner of rectangle in which lower base is inscribed). (Note h.) 

6 [b). A hexagonal pyramid 3-^" high ; side of hexagonal base is l-\" long. 
Half-way up the sides of the pyramid is a groove extending entirely around 
the pyramid. This groove is formed by removing the portion of the pyramid 



between two cuts, each ^" deep. The planes of both cuts are parallel to the 
plane of the base of the pyramid. The perpendicular distance between the 
planes of the two cuts is 1". x^S^^~', )j^=l^~' (to corner of rectangle in 
which base is inscribed). (Note c.) 

NOTES— PLATE II 

Before beginning the plate, study Arts. 46, 47, 48. 

The distances given for x and y hold good in uusymmetrical figures only when the 
larger portion of the figure extends to the right of the point located. See Art. 47 c. 
An exception is in 4 (b). 

The edges wliich cast shadows should be represented by heavier lines than are tlie other 
edges (Art. 53). First draw all light lines on tlie plate with one setting of the pen, and 
then draw shade lines. Tims, if a mistake is made in the first set of lines, it is more easily 
corrected than if heavy lines were drawn fii'st. Do not make shade lines too heavy. 

(«) In 3 ((() the |" is the perpendicular, not tlie slant height. Thi^ front edge of the 
lower block will therefore be longer than f". See Pig. 23, page 41. 

(4) In 4 (h) and 6 (a) draw on a waste piece of paper a true hexagon, and proceed 
according to Art. 48. 

(f) In 6 (i) it is evident that the poitiou of the pyramid removed is not \" thick 
—the I" being measured parallel to the plane of the base. Tiie groove, likewise, is 
more than 1" wide if measured parallel to the plane of a side face. 

OI^TIONAL II 

Make an isometric drawing of one of the following objects: 

1 («). A shallow box (about 8" square and 2" deep) divided into four 
equal coiupartments by two cross-pieces at right angles to each other. The 
ends of the cross-pieces set into vertical grooves in the sides of the box. Each 
cross-piece is notched half its depth for the other cross-piece. 

1 (i). Same as 1 (a) except that the bottom of the box is smaller than the 
top and the sides all have the same slope. 

1 (f). A box with drawer or drawers for a card catalogue. 

1 ((./). A iirinting-frame for photographs. 

1 (r). A small book-case or set of book-shelves. 

1 (/). A small cabinet for minerals. 

1 (.'/). A flower-stand. 

1 (li). A tool-chesl. 

XoTE.— (.Iiiginal designs are preferable to drawings made from measurement. Dimensions 
may or may not be given on the drawing. Any .simple rectangular objoet approved by the in- 
structor may be chosen in place of one given it the student so desires. 
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PLATE III 



CABINET rRO.TECTIOX 



Make i\ drawing in cabinet projection of : 

1 (a). A rectangular block 'J" high standing on a base 3" square. In the 
centre of the upper face there is a rectangular hole "J" s(piare b)' -Jj" deep; the 
edges of the liole are parallel to the corresponding edges of the block. .i'=: 

1 (6). Same block as in 1 (a) when it is standing fin a 2" by :V' face. ]jct 
the face with the S(p]are hole be tlie side face shown. .c^Li", //= 1),". 

2 {"). Three cylinders, A, B, and C, each II" long; cylinder A is 1" in 
diameter, B 2" in diameter, and C 3" in diameter. Those cylinders are all 
horizontal, with their axes in the same straight line at right angles to the plane 
of the paper. The rear eud of A is in contact with the front end of B, and the 
rear end of B is in contact with the front end of C. Thus the distance from 
the front end of A, which is in the plane of the papei-, to the rear end of (.' is 
4-1". :r = 2 j-ij-", '!/ = 2^^-^'' (to centre of circle in plane of pa[]er). 

2 (!j). Same problem as 2 (a), substituting hexagonal prisms for the 
cylinders. The lengths of tlic sides of the licxagons are: For prism A i", 
prism B 1", prism C U". x = 2~^\-", >/ = 2-^-\/' (to centre of hexagon in plane 
of paper). 

3 («). A rectangular block 4" sipiare by 1 J" liigli. In the upper face of the 
block are four rectangular holes, each 1|-" S(]uare by ]-" deep; the edges of the 
holes are parallel to the corresponding edges of the lilock, and the distance be- 
tween any outside edge of a hole and the nearest edge of the block is I". ■r = -}", 

3 (b). Same block as in 3 (o) wdien it is standing on a l;5"x4" face. Let 
the face with the square holes in it be the side face shown. .r=z2-l", .'/ = J". 

4 (u). A rectangular block 4" square by 11" high. In the upper face there 
arc two rectangular grooves 1" wide by i" deep running diagonally from corner 
to corner at right angles to each other. The centre line of each groove coin- 
cides with the cori'csponding diagonal of the upper face of the block. •'■ = J''' 
l/ = 2". 

4 (/j). A rectangular block 4" square by 1 J" high with raised diagonal 
strips 1" wide by J" high (total height 11"). The block in this problem is the 
reverse of that in 4 (n), the raised portion of 4 (b) fitting the grooves of 4 (a). 



5 ((/). A rectangular block 4" square by -|" high. In the centre of the 
upper face of this block stands the frustum of a hexagonal pyramid. A side 
of the hexagon of the lower base is IJ"; of the upper base J". Two sides of 
the lower hexagon are peipcudicular to the fi-out edge of the rectangular block. 
The frustum is 2-1" high. .»■ = -!",//=: 1-1". 

5 (/)). The jirisuis nf 2 (A) when the common axis of the three prisms is 
vertical instead of horizontal. Let the lai'gest prism be at the bottom, and let 
two faces of each jirisin be ])arallcl to the plane of the paper. r= l-j5|.-", y= 1" 
(to coi'uer of rectangle in which lowest base is drawn). 

C ((/). A 2^" cube. A ci)ntinnous raised strijj 4" wide I'V -J" high passes 
through the centres of the front, tnp, back, and bottmn faces parallel to two 
sides of each face. There are two similar strips aroun<l the cube — one through 
the centres of the top, side, and bott(uii faces; the other through the centres of 
the front, side, and back faces. .('=11;", //^IJ" (to corner of cube). 

C (b). A 3" cube. Through the centres of the fi'ont, top, back, and bottom 
faces there is a continuous groove -J" wide liy J^" deep. The groove is parallel 
to two sides of each face of the cube. There are two similar grooves arouncl 
the cube — one through the centres of the top, side, and bottom faces ; the other 
through the centres of the front, side, and back faces. .r = l-J-", y^ll-". 

NOTLS— PLATE III 

Before beginning the plate, study Ai'ts. 54 and 'lii. 

.}■ and y are given for ligures wliich c\(end to tlie right of the point located (Art. 
54 b). 

Begin Figs. 2 («) and 3 (/<) by drawing a 45" line from tlie point located. Tlie 
centres of all circles or hexagons will be on this line. (Whj' V) 

Begin all figures in whieli there are grooves or raised strips liy drawing the object 
tirst, subsequently cutting out tlie grooves or adding the strips. Omit lines where 
raised strips intersect each other except those lines which are necessary to sliow the 
corners. 

Shade the edges which cast shadows, as in isometric. In 2 (k) shade the lower 
right-hand quadrant of front circles (see Art. 30 b). This figure may also be improved 
bj' shading with parallel lines to make the surfaces appear C3dindrical (An. 37). 

OPTIONAL III 

1. Draw a rectangle about 2" wide and .5" high, and shade it with line- 
shading to represent a vertical cylinder. See Art. 37. 

2. Shade a rectangle 2" high by 5" long to represent a horizontal cylinder. 
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PLATE IV* 

ISOMETRIC AND CABINET PROJECTION 

1 («). Make an isometric drawing of the frustnm of a cone ; the lower base 
is 3" in diameter, the upper base 2" in diameter; the height of the frustnm 
(perpendicular distance between the two bases) is 3". Use the isometric scale. 
x^oy, i/^lr^^" (to corner of scjuare in which base is inscribed). 

1 (h). Make an isometric drawing of two cylinders, one on top of the other. 
The lower cylinder stands on a base 3" in diameter and is 2" high; in the cen- 
tre of its upper base stands a second cylinder 2" in diameter and 1" high. Use the 
isometric scale, .r — 5^", ;/= 1 y\" (to corner of square in which base is inscribed). 

2 (a). Make a cabinet drawing of the frustum of 1 («). .r-— 3-^", ij — l^~' 
(to corner of square in wdiich the base is inscribed). 

2 (b). Make a cabinet drawing of the cylinders of 1 (h). a'=i3J-", i/ = \j\" 
(to corner of square in which the base is inscribed). 

3 (a). Make an isometric drawing to isometric scale of a 3" cube ; in the 
centre of each face there is a circular hole 2" in diameter by ^" deep. x = 5\", 

3 ib). Malve an isometric drawing to isometric scale of a 3" cube ; in the 
centre of each face there is a raised circular block 2" in diameter by -]" thick. 

x=^", ?/=1tV"- 

4 (a). Make a cabinet drawing of the cube of 3 (a). 
4 [b). Make a cabinet drawing of the cube of 3 [b). 

NOTES— PLATE IV 

Study Arts. 49, 50, .ol, 56, 57, and 58. 

Every figuie in this plate contains circles whicli project into ellipses. Draw the 
circumscribed square in each case, except in 3 (a) and 4 (</), wliere the part ot the 
inner ellipse wliicli shows can be made most easily by shifting the outer ellipse parallel 
to itself. 

A good comparison ot the two projections is afforded by this plate. Either may be 
advantageously used to represent objpcts to persons not skilled in reading ordinary 
working drawings. So-called "show drawings " (as compared to mjrkinrj drawinfjK) are 
therefore often made in one of these two projections. 

OPTIONAL IV 
Make a cabinet drawing of one of the objects given in C)ptional II. 
Any similar object approved by the instructor may be chosen instead. 

* 111 abriijged courses tliis plate may be given as an optional. 






PLATE V 

ORTHOGRAPHIC PROJECTION ILLUSTRATED BY ISOMETRIC PROJECTION 

Represent by means of isometric projection the following point and 

lines, together with the top view and front view of each on li and V re- 
spectively : 

1 («). A point 1 in space 1" behind V and 2" below IL (Notes a and b.) 

1 {b). A point 1 in space 2" behind V and I" Ijelow H. (Notes « and J.) 

2 («). A straight line 2-3 2|" long, perpendicular to II and 1" behind V. 
One end of the line is in II. (Note d.) 

2 ib). A straight line 2-3 2" long, perpendicular to H and I^-" behind V. 
The upper end of the line is -|" below H. 

3 (a). A straight line 4-5 2" long, perpendicular to V and I^" below H. 
The nearer end of the line is -^" behind V. 

3 [b). A straight line 4-5 2|-" long, perpendicular to V and 1" below 11. 
One end of the line is in V. (Note d.) 

Draw the top view and front view in true orthographic projection of: 

4 (a). The point 1 of 1 («). (Note c) 

4 {b). The point I of I [b). (Note c.) 

5 {a). The line 2-3 of 2 («). 

5 (b). The line 2^^ of 2 (b). 

6 (a). The line 4^ of 3 {«). 
6 {b). The line 4^5 of 3 [b). 

NOTES— PLATE V 

Sludy Arts. 59-69 (</) inclusive. 

Draw a border line 31" xl4" and divide the enclosed space into six 7" squares, one 
for each problem. Draw the first three problems in the upper row. Place (4) under 
(1), (5) under (3), and (6) under (3) 

Commence each of the lirst three problems b\' drawing the three isometric uxeis 
f lom the centre of the 7" square, the vertical axis extending downward. Make the tixes 
each 3" long, and construct upon them two planes corresponding to the top and the left- 
hand front faces of an isometric cube. Let these planes represent a portion of the two 
planes of ortliograiildc projection (which are in realit}' of infinite extent), forming togeth- 
er the third angle of projection. The given point or line is located in this angle accord- 
ing to the conditions of the problem, and its vieic.'s are then drawn on the two planes 
which represent the planes of projection. 

The problems of this and the succeeding four jilates are given mainly to illustrate 
the fundamental principles of orthographic projection. Thej' are first drawn in isometric 
or cabinet projection, as the case may be, because it is thought that in this waj' the true 
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conception- of tlio principles above refeireil to is more eusilj' ami quickly attained. In- 
ciileTitully further praclicc is also gained in tlic isonuirii- and cohiiicl jirojcc/ioiix. 

At tirst it is easier to imagine the point, line, or object itself located in the angle 
between the two plii iiix of priyjcrtion — tlie rieirx vi|)on those planes will then follow. 
The tirst three prolileiiis of each of the five plates before inenlioned will aid the iniiigina- 
tion in tills. Eventually, however, the student will become accustijnied to projection 
pure and simple, and will not need to go through this mcMitid ])rocess. See Art. (i4 ((/). 

Spkciai. Notes 

(rt) Hark the two planes of projection IIokizontai, rr.,iNK arid Vertic.\7, Plane respective 
ly, arul their line of intersection Groiini) Link. Mark llir top cine iiw^ frmit cicie of the point 1, 
111 luiil Iv re-ipeetively. Inilicnte that they arc cieics uf 1 liy ilraniiiL;- two lines (iif very fiic 
ti/ao-t tto-shes) to 1. The niiildle portion of eai'li of t\\e^v jo-njeetni^ tiios niav he (.iniitted, unlv 
ahuat V' of eaeli end being di-awn. bd\ in the ;/roiini! tiio: at least twice as hein-v as any other 
line on the jilale. Make the edges of the planes lighter tliiui the oilier lines (projecting lines 
cxeeiited). All similar lines on the ]ilatc slionUI In' of a iiirdonii uidth. Ink in the given 
point or line with I'ed ink. All other lines, inchuling the riecx on the planes, are tilacK'. 
Follow the above direetions in the t\^o succeeding plates also. 

(/j) Arrange the given piiirit ami lines in the first three problems as symmetrically as pos- 
sible with respect to the edges of the [ilaries, withont eonllicting with the given conditions. 

(e) Arrange each of the last tlii'ee problems in the centre of its sipiare, making the i/roi/wl 
line o in. long. Do not draw tiie outline of the planes of projection, simply the gidnml line. 

{(I) If 2 is the end of the line 2-3 in II, then 2 coineides with 2li and 31i. Mark this point, 
which is also the lop cieio of ccer;/ point in the line 2-3, thus : 2 and 2-31i. 

OPTIONAL V 

1. Isometric dr.'iwing- of ;i plain brick urcli tirephice ur similar object liav- 
iiiy •■r cylindricjil surf.acc. 

2. Cabinet drawing of tlie same object. I'laco the ol>jcct so that the circles 
will bo represented by ellipses. 



PLATE VI 

ORTHOGRAnilC PROJECTION ILLUSTRATED 1!Y ISOMETRIC PROJECTION 



2 (a). A straight line ;'>-4 2J" long, which innkes an angle of C0° with 11, 
is parallel to and 10," behind V. 1'lic upper cm! of the line is ij" below II. 

2 (4). A straiglit line d-i ;V' long, which makes an angle of Ou" witii II, is 
parallel to and I|" beliind \'. The upper end of the line is in II. 

;> ((/). A straiglit line o-i; ;V long, wdiicli makes tin angle of 00° wdtli \, is 
parallel to and 11" bchiw II. The nearer end of the line is in V. 

d (6). A straight line 5-b 2 J" Imig, wliicli makes an angle of (iO° wdtli Y, is 
parallel to and IJ" below II. The nearer end of the line is -i" behind \. 

I )raw the tup xicw and front view in true ortliograpljic jirojcction of: 

4 (a). The line ^2 of I (./). 

4 (Ij). The line 1^7 ,,f | (/,). 

.5 (o). The line :"i^ nf 2 (,i). 

f) (/-). 'J'hc line d-4 of 2 (h). 

G ((0. The line r,-7) .if d (,i). 

(h). The line o^^i ,,f ;i (A). 

NOTES— I'LATK Xl 

Study Arts, 7(V71. 

The general arrangement of the figures of this plate is similar to that of the pre- 
vious plate. There are only three red Hues on the plate — the given line in each of the 
first three problems. 

tiPTlOXAL yi 

I>escribc liow to find the axes of the ellipses which represent circles in- 
scribed in the top and side faces of a cube in cabinet projecliou, and illustrate 
by a drawing. See Art. 50 (/)). 



PLATE VII* 

ORTHOGR.VPIIIC AND CABINET PROJECTIONS 



1 (ii). The top view of a line 1-2 is 2-2-" long and makes an angle of 45° 

with the ground line, the nearer end being I" bchiml the ground line; the 

iiepresent by means of isometric projection the following lines, together f,.,.,„^ ^.j^,^^'; ,,(.- ^i,^, g..|,,j^, ]i„^, ,„.,].^,g ..,„ ,,|,„.|j, Tf o,)0 ^^.j^j^ the^ground line, the 

with the top view and fronj^icw of each on II and V respectively : „^,.„,^^,,, p„j i,^,i|,„. x" i,^,|,-,^,. ^i,^, gvound line. Find bv means of orthogra'phie 

1 (a). A straight line 1-2 2^" long, parallel to both II and V, 2" below II ,,,,,je,,tion the trueleugth of the line I^. 

and li" behind V. j ^/,). y^mie as 1 (o). execiit the top view nf the line makes an angle of 30° 

1 (/;). A straight lino 1-2 2.V" long, [larallel to both II and V, U" below II 
<and 2" behind V. * See Arts. 73 and 74. In abridged courses this plate may be L'ivcn as an optional. 
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with the ground line, while the angle whieli the front view makes with the 
ground line is 45°. Length of the top view 2|". 

2 («). A line 3-4 is 2|-" long. Find its views on 11 and V in true or- 
thograpliie projection when the line itself makes an angle of 30° with II and 
of 45° with V. 

2 (Ij). Same as 2 («), except that the line itself makes an angle of 45° with 
II and of 30° with V. 

Illustrate b}' means of cabinet projection the methods used in : 

3 (a). Problem 1 (a). 

3 (h). Problem 1 (i). 

4 («). Problem 2 (<(). 
4 {/j). Problem 2 (h). 

OPTIONAL VII 

If a line makes an angle of .r° with V and i/° with H, and .r°-f (/°r=00°, wdiat 
angle will the plane in which the line lies make with H and Y ? Illustrate by 
a drawing. 

PLATE VIII 

ORTHOGRAPHIC PROJECTION ILLUSTRATED BY CABINET PROJECTION 

Represent by means of cabinet projection the following solids, together 
with their top and front views on II and ^' respectively : 

1 («). A square prism 21" high ; side of base 1|-" long. The plane of the 
upper base is parallel to and ^" below II. The plane of one side face makes 
an angle of 15° with \. The centre of the prism is 2" behind Y. Let the 
nearest edge to V be a leftdiand edge. (Note «.) 

1 (b). The prism of 1 (a) when one face is parallel tn and 1-|-" behind Y. 
The plane of the upper base is pai-allel to and -J" below II. 

2 («). A hexagonal pyramid 2?,-" high; side of base I" long; vertex over 
the centre of the base, 2" behind \'. The plane of the base is parallel to and 
31" below II; two sides of the base are parallel to ^'. (Nolei.) 

2 (b). The pyramid of 2 (a) in the same position, except no side of the base 
is parallel or perpemlieular to Y. (Note b.) 

3 (a). The prism of 1 ((') when the plane of a 2^"x^jr" face is parallel to 
and 11" below H, while another similar face is ])arallel to and 1^" behind Y. 
Show, in addition, an end view assuming the nearer end of the prism ■>" from 
the end plane. 



3 (b). A cylinder 21" long and li" in diameter, wdien the axis of the cylin- 
der is parallel to and 2" from both II and Y. Show, in addition, an end view 
assuming the nearer end of the cylinder -|" from the end plane. 

Draw the to[) and front views in true orthographic projection of: 

4 (a). The prism of 1 («). 

4 (b). The jnism of 1 (b). 

5 ((/). The jivramid of 2 (a). 

5 {b). The pyramid of 2 {b}. 

(o). The prism of 3 («). Draw also an end view. (Notec.) 

6 (b). The cylinder of 3 (b). Draw also an end view. (Notec.) 

NOTES— PLATE YIII 

Studj- Arts. 76 to 84 inclusive. 

From a point 4|" from both the lower and left-liand edges of each of the three 
upper squares, draw the three axes of cabinet projection. Construct upon these axes 
planes eorrespouding to the top and front faces of a 3|" cube, and let these planes rep- 
resent respectivelj' H and V. First draw the solid itself in the angle thus formed, and 
tiien the top and front views of it on the planes representing 11 and V. 

The lines of llie solid itself in each of tlie first throe problems are drawn with red 
ink. All other lines on the plate, including tliose whicli represent the different views 
of the solids on the planes, are lilack. In orthographic piojeetion certain edges are 
drawn lieavier than 01 hers (Art. 128). 

Invisible edges are to l)e sliown tiy liioken lines of long dashes close togeth- 
I'V. Coustruction lines and projecting lines are very sliort, t]ne dashes (Arts. 32 a, 
32 i). 

The ground line for each of tlie problems in true orthographic is 3j" long, and is 
drawn 3f" above tlie lower liorder line. 

Draw portions of each projecting line, and number corresponding points and views 
as 2, 2ii, and 2v in each problem. 

(a) Before starting the lop view, 1 (</), in cabinet projection, draw in pencil the top 
view of 4 {(I) in its proper place on the plate. This view will be a li" square, with 
one side at an angle of 15° with the ground line ; use the perpendiculars from ground 
line to the corners of this square as co-ordinates to find top view, 1 {a) (.Vrt. 48 /,). 
Whenever views cannot be dr.'iwn directly in cabinet or isometric projection, it will be 
found necessary to resort to a similar method of drawing a view in true orthographic 
projection first. 

(4) A common error is to forget to ink in the edges of the pyramid in the top view, 
2 (((). 2 (/'), 5 ("). 5 ill). These edges, of course, are visible. 

((■) The clear space between the front and end views, 6 («), 6 {h), is If. (Why ?) 
This makes it necessary to begin the front view -^Y' ^''^"^ the left-hand side of the 
square. 



rR»)r.LEMs 



OPTIONAL Vlll 

1. Kinil tlio true sliape ami size of a ti'iaiimilav face of the pvraniid of 
- (d), I'late \'lll. liulicatc clearly the inetliod by lnoken Hues in the 
drawing-. 

2. 1 h'aw the toji and front \ lews of a liexaeonal pyramid, a faee of whieh is 
hounded hy two sides, true length 31", and a third side \l" long. 

KoTK. — Xo arilluiK'tiLMl caleuhitiiui to be used in eillici' [iroljlem. 



PLATE IX 

oRTiio(;i;.\rnir ntoJEOTiox illustk-vted by cablvet rROJECiio.x 

(liven an oetagonal pyramid 2i " high ; side of octagon — J". Itcpresent hy 
means of cahinot projection this pyramid, together \vith its top and front views 
on l[ and ^' respecti\elv, in each of the following positions: 

1 (it). AVhen the [ilane of the base is parallel to and :V' helow II. Vertex 
aho\e the base. 

1 (/)). The same ]ii'oblem as 1 (a), substituting a heptagonal pyramid for 
tlie oetagonal one of 1 (i(). The heptagon can be inscribed iu a circle l'" in 
diameter. 

■2 [ii). When the plane of the base is parallel to and :V' behind A'. "\'erte\ 
in front nf the base. 

2 (/')■ The same pri>blcni as 2 (ti), substituting the heptagonal pyramid of 
1 (li) for the iictagonal pyramid. 

;5 (a). Whvu the plane of tlie base is [larallel to and 1" below II. ^■crtex 
below the base. 

:> (/<). The sanu^ pr.iblem as 3 [a), substituting the heptagonal for the 
oetagoual p\i'anHd, 

4 (d). ^\'heu the plane of the base is parallel to and -1" behind \'. Vertex 
behind tlu' basi'. 

4 (li). The same problem as 4 (((). substituting the heptagonal for the 
octagonal p\ramid. 

l)raw the top and front xiews in true orthographic [>rojectiou of; 

5 ((0- The pvranud of 1 (<i). 
o (/')• The pyi-amid of 1 (/<). 
(i/). The pyramid of :.' (a). 
ti (^/i). The pyramid of 2 [li). 



7 ("). The pyramid of 3 (u). 

7 (/'). The pyramid of :! (//). 

s ((/). The pyramid of 4 ((')• 

s (/,). The pyramid of 4 (/-). 

XOTKS—I'L.VTE IX 

Iu llie firsl four problems make tlie planes of projection eijual to the coriespouiliug 
faces of a HJ- cube. .r=J , // = H- . The axes ot the pyramids are all IJ from the 
planes to wliieh they are parallel. 

Show all invisible edges unless tliey fall beliiud full lines. 

Draw the suliils in red iuk. 

(~lmit projecting lines and numbers iu the true orthographic figures. JIakc ground 
Hue 7 leug, Bi" above bottom bolder Hue. 

OPTIOXAL IX 

Make a working drawing of 1 (k). < 'ptioual II. Give all necessary infor- 
mation .and diuiensions. See (^'hapter VIII. Show invisible edges by broken 
lines. 



PLATE X 

oltTlIoiiRArillC PltOJECTIOX ILLl'STR.VTED BY I.-^OMETKIC PROJECTIOX 

liepreseut bv means of is'iuietrie prujectiou the following sidids, together 
with the top, friuit, and end views of each on three planes of projectitui. 

1 ("). .\. Iiexagiuial prism '2.V" h>ug; siile of hexagon |" long. The axis of 
the prism is parallel to and 1-1-' frtun both II and ^'. The planes of two faces 
of the prism are each perpendicular to II. 

1 [h). d'he same prijblem ,as 1 {n). excej>t the planes of two faces of the 
prism are each perpetnlicular to A . 

2 [ii). A pnsin 1-1 " sipiare aud 21 long. The axis of the prism is parallel 
to and 1-1 from both II and V. Two faces of the prism are parallel to II. 
Through the centre of the prism, rutiuing lengthwise from end to end, there is 
a circular hole 1 ' iu diameter. 

l! {b). A (yvliuder 1,1- iu diameter and 2-1" long. The axis of tlie cylinder 
is iiarallel \''' aud 1-1" from both II and A". Through the centre of the cylinder, 
lamuiug lengthwise from end t'"> end, there is a Inile j" stpiare. Two sides of 
the hole are j.arallel to II. 
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Draw the top, front, and end views in true ortbograpbic projection of : 
3 (a). Tbe prism of 1 (a). 

3 (i). Tbe prism of 1 (6). 

4 (a). Tiie prism of 2 («), 

4 (i). Tbe cylinder of 2 (b). 

NOTES— PLATE X 

In the first two figures make the planes of projection equal to the corresponding 
faces of a 8" cube. Draw the solids in red ink. 

Draw end views in true orthographic projection before ilrawing the problems in 
isometric projection. 

Show the hole in top and front views [2 (n), 2 (i), 4(a). 4 (b]] i)}- broken lines. 

OPTIOXAL X 
Make a working drawing of 1 (c), r)ptional II. 



PLATE XI 

ORTHOGRAPHIC PROJECTIOX 

Draw tbe top, front, and .side views in true ortliograpliic projection of: 
1 (a). A hexagonal prism 3" liigli ; side of hexagon 1" long. Tbe plane of 
the upper base is parallel to and J" below II. X'o side face is parallel or per- 
pendicular to V. 

1 (i). A hexagonal pyramid 3" high ; side of hexagon 1" long. Tbe plane 
of tbe base is parallel to and 3i" below II. X'o side of tbe base is parallel or 
perpendicular to V. A'ertex is above tbe base. 

2 [fi). A semi-cylinder, tbe front half of tbe original cylinder having been 
removed. Tbe plane of tbe upper base is parallel to and J" below II. The 
radius of the base is 1"; tbe height of tbe senn-cylinder is 3". 

2 (l>). A semi-cone, the front half of the original cone having been removed. 
The plane of tbe base is parallel to and 3^" below U. The radius of the base 
is 1"; tbe distance of tbe vertex above the base is 3". 

3 (fl). Tbe frustum of tbe pvramid of 1 (4) when tbe pyramid is cut off bv 
a plane parallel to and 2" above tbe base ; [lyramid in the same position as in 1 (h). 

3 (b). A prism 1^" square and 3" high, having its upper base parallel to 
and i" below II. Two side faces are pei'[)endicular to Y. In each of these 
side faces are two grooves, tbe centre lines of which correspond to tbe diag- 
onals of tbe face. Grooves are -J" wide aiid -'-" deep. 



4 (a). The frustum of tbe semi-cone of 2 (b) when the serai-cone is cut ofE 
by a plane parallel to and 2" above tbe base; serai-cone in tbe same position as 
in 2 (b). 

4 (b). Three semi-cylinders. A, B, and C, the front half of each of tbe orig- 
inal cylinders having been removed. Each semi-cvlinder is 1" bigh, and their 
radii are : for A l^", for 13 -J", and for C -I". C rests upon B, B upon A, and 
the plane of tbe base of A is parallel to and 31" below H. Tbe axes of all 
three cylinders are in tbe same straight line perpendicular to H. 

NOTES— PLATE XI 

Let tlie solid in each problem be any convenient distance beliind V. 

Show all invisilile edges. Tlie 2 is tlje perpendicular, not the slant lieigljt [3 (a), 
4 («)]. The top view of the upper base of the frustum is obtained from the front 
view. 

OPTIOXAL XI 

Make a working drawing of 1 (A), r»ptional IT. 



PLATE XII 

ORTHOGRAPHIC PRtlJECTIOX 

Draw tbe top and front views in ortbograpbic projection of the following 
solids described in previous plates : 
1 (a). Tbe blocks of 3 (a). Plate 11. 

1 {b). The blocks of 3 (i), Plate II. 

2 (.v). The cube of 4 (o), I'late II. 

2 {b}. The prism of 4 (6), Plate II. 

3 (('). Tbe solid of 5 («), Plate II.* 

3 (b). The cube of 5 (b), Plate II.* 

4 («). The cylinders of 2 («), Plate III* 

4 (b). The prisms of 2 (i), Plate III.* 

5 (»). The block of 4 (.v), Plate III.* 

5 (4). Tbe block of 4 (4), Plate III.* 

6 (a). The cube of 6 (<t), Plate IIL* 
C (4). Tbe cube of 6 (4), Plate III.* 

* Pn.blenis marked* are lo he drawn three-fourths full size; the other four problems are 
to be drawn full size. Arrange each proi)lem in the centre of its square and omit ffround lines. 
Choose the simplest position for each solid. 



PROBLEMS 11 

OPTIONAL XII In this plate draw the lower low nr the last three problems first. Tlie lop views 

Make a xvorkiiii;- Jrawiiio- of a earne.iter's beiieb. '""' ^''°''^ '''^'''^' *''"* obtained are then transferre.i I., tlie eabinet plan,- of pr..j,_.etion 

in the usual manner. These eabinet pliiues of pnijection eorrrspiind to the tup and 

front faees of a 4 eube. Ink in a solid red, ifs views black. Ink in all eonstruction 

and prnjeetins;- lines, omitting, however, the centre portions in most eases. Show all 
invisible lines. 



PLATE XIII 

(tRTIliiGliAiniK' FK(MECTUb\ ILLUSTUATED JiY CAIilXET rRO.TECTIdX 



OPTIONAL XIII 



(iiveu a prism :i ' hi-l, and If square. Pepreseid by tueans of eabiuet pro- ^"■'^^' « ^'"^"'^ 1''^'" "^ ^' '"■"^'^- ^*""' '' seeoud-story plan, also, if time 

jeetiou tliis s.|uare prism, tou'ether with its to[i and front views on II and Y 1"-'' imt^- 

respectively when the prism is in tbe followiiii;- positions: 

1 (d). AMieu tbe plane of tbe upper S(ju,are base is piar.allcl to and .V" below PLATE XIV 

II; eeutre of base 11" behind V. The plane of a side face makes an ane-le of 0RTIKm;;KAP1IIC rKtUEt'TIOX 

oO"' with V. rv »i i 1 i- t • ■ .1 1 • • »■ r 

I'raw tlie t^1p ami front views in orthon-raphic projection of: 

1 (/,). When the plane of tbe front square base is parallel to and f behind Y ; ^ ^„)^ _^ pentagonal prism 2f 1,1^1, ; size of pc.itai^on suel. that it can be 
centre ot b.ise ^ below II. The plane of a side face makes an angle of 3lV' with II, ,„„,,,,_„d in a 2" circle. The upper base is iu II, u ill, its centre 2" behind tbe 

2 (d). Keeping- the prism iu the same position with respect to ^' that it is oaaiuud line 

in iu 1 (a), tip it up until the plane of the base makes an angle of 3tV^' with II. " j ^/,)^ _^ peuta-oual pvraiuid 3" hiul, ; size of peutagou such tliat it eati be 

2 (h). keeping tlie prism in the same position with respect to II tliat it i,„,,i|,ea i„ .,, o^' ,i,.,,|,. The Vertex of tbe pvramid is iti II ; plane of base par- 
is iu in I (h). tip it around until the plane of the base makes an angle of 30= .^u^., (^, jj . .^^j^, ,-,(■ pyramid 2" behind Y. 

" 2 (u). Kccpiui:- the prism iu the same position witli respect to \' that it is 

3 („). K.eiung the prism iu the same position with respect to II that it ;„ ;„ j ^„)^ ^■^^ -^ „j, „„,,, j,,^, j,,.,,,^. ^.,f t,,^. ,,^,^^ ,„.,,-^.^ ,„^ .^„„.|^, ^,j. .3,,: ^^.^j,, jj_ 

tiually IS lu iu 2 („). revolve it until the top view of one of its h..ugcst edges o ^/,(, Keeping the pyramid iu the same position with respect to Y that it is 

makes an angle of 30" with the ground line. i„ ;„ j ^^,)_ ^j^, -^ ^^ ^,„,ji' jj,., j,].,„^. ^,f ^i,g p.,,,^ ,„.j^^,^ .^^ .,„„.|^. ^,j.- .5,,: ^^.^^^^ jj_ 

3 (/.). .Keeping the prism in tiic same position with respect to V that it .. j,,,^ Keepin- the prism in tbe same position with respect to II that it 

finally is 111 in 2 (/-), revolve it until the front view of one of its longest edges ^„,,,|^. j, ;„ ;„ ./^„)_ ,.^,^.„p.^. jj „„fp ^^^^. t,,^ ^.j^.^^ „f ,^„^ ^,f ^j^ lougost edges 

akes an angle of 30" with the ground line. ,„,,,.;j .^„ ..^,,^1., ,,f .5,,. ^.j^, ,],^ „|.,,^,,,j i;,,^^ 



111 



Draw the top and front views in true orthographic projection of: o ^/^y Keeping the pvramid iu the same position with respect to II that it 

4 (./). The prism of I (1'). finallv is in iu 2 (//), revolve it until the top view of its axis makes an angle of 

4 [h). The prism of 1 (i). 30-^ with the -round line. 

o p/). The prism of 2 (,i). 4 ^„^^ The fru.stum of a hexagonal pyramid; side of lower base M-" long; 

5 (/'). The prism of 2 (/)). ^jj^^, ^-,f „pp^,,. p.,^,, y ],„,„.. perpendicular distance between the two bases is 
li (,i). The prism of 3 (,/). |'^ pp,,,^, ,,f ^l,^. ]„„.^,,. p.^^^, j^ parallel to and 2^" below 11. On the centre of 
(/.), The prism of 3 (b). ^j,^, ^,pp^,,. p.,^^^, ,.^,^(^ .^ sphere If in diameter. 

4 {b). The lib^cks of 3 ("). Plate II.. when the common axis of the tliree 



blocks is per]iendicular to \', IJ -" below II. The plane of the nearest base is 



X(_)TES— PLATE XIII 

For 4 (-/low), and 6 withe ground hue is 4 above the lower border line : for4(/0, pai-i'I>?l to ajid f bebin.l V; two of its .sides are parallel to IP 
5 (A), and 6 (?') it is , '5 (")• Keeping the two solids in the same position with respect to Y tliat 
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tliey are in in 4 (or), tip them until tlie plane of a base of the frustum makes 
an angle of 45° with H. 

5 (i). Keeping the blocks in the same position with respect to 11 that they 
are in in 4 (i), revolve them until the common axis makes an angle of 45° 
with V. 

6 (a). Keeping the two solids in the same position ^¥ith respect to H that 
they are in in 5 (n), revolve them until tlie top view of the line through the 
centres of the sphere and the hexagonal bases makes an angle of 45° with the 
ground liue. 

6 (b). Keeping the blocks in the same position with respect to V that they 
finalh' are in in 5 (S), tip them down until the projection of the common axis 
on V makes an angle of 15° with the ground line. 

NOTES— PLATE XIV 

Ground lines are in centre of rectangles for all problems except 4 (b), 5 (b), and 
6 (/<)• For these problems ground lines are 3' from lower border line. 

OPTIONAL XIV 

A bridge pier is 12'-0" liigh, 5'-0"x20'-0" on top, and has a slope on all 
sides of one in twelve. It is set on a skew of 30° with the roadway of the 
bridge. Show the top and front views of this pier when V is assumed at right 
angles to the roadway of the bridge. 



PLATE XV 

CURVES 

Construct an ellipse whose major and minor axes are respectively 4" and 2%" 
long. 

1 (a). When the major axis is horizontal. 

1 (i). When the major axis is vertical. 

Given a horizontal line 6" long. Through the two extremities of this line 
and a third point construct a parabola. 

2 (a). When the third point is 2" above the centre of the 6" line. 

2 (i). When the third point is 2" below the centre of the G" line. 

3 («). Draw two 45° lines each 6" long, bisecting each other at right angles 
in a point c In the upper and lower angles thus formed construct a hyperbola, 



one branch in each angle, using a different method for each branch. Assume 
the vertices on a vertical line through c, the vertex of the upper branch 1" 
above c, the vertex of the lower branch 1" below c. 

3 {b). The same problem as 3 (a), except the branches of the hyperbola are 
drawn in the right and left hand angles respectively instead of the upper and 
lower angles. The vertices are on a horizontal line through c, 1" c^ach side 
of c 

Draw the top and front views in orthographic ]')rojection of : 

4 (n). A cone 3A" high ; diameter of base 2-|-". The plane of the base is 
parallel to and 3|-" below II. The axis of the cone is perpendicular to II and 
1|-" behind V; vertex above the base. 

4 (6). The cone of 1 (a) when the plane of the base is parallel to and 3|-" 
behind A^ The axis of the cone is perpendicular to V and 1-|-" below II; ver- 
tex in front of the base. 

5 (((). Keeping the cone in the same position with respect to V that 
it is in in 4 (a), tip it until the plane of the base makes an angle of 30° 
with II. 

5 (/)). Keeping the cone in the same position with respect to II that 
it is in in 4 [b), revolve it until the plane of the base makes an angle of 30° 
with V. 

(ii). Keeping the cone in the same position with respect to II that it 
finally is in in 5 (a), revolve it until the projection of its axis on II makes an 
angle of 45° with the ground line. 

6 (b). Keeping the cone in the same position with respect to V that it 
finally is in in 5 (b), tip it until the projection of its axis on V makes an ano'le 
of 45° with the ground line. 

NOTES— PLATE XV 

See Art. 45 for metliods fur drnwiiig the curves. 

Tlie ground lines for 4 (nX 5 {a'), and 6 (a) are 4" from the lower border line ; for 
4 (b), 5 (/<), and 6 (b) 3" from lower border line. 

Use two methods for 3 (k) or 3 (b.) Ink in all curves wiih the curve ruler (Art. 
23), except the ellipse in 5 (a) and 5 (b) and the larger ellipse in 6 (u) and 6 {b). These 
ellipses may be drawn with the compasses according to Art. 45. 

Ink in all axes in the upper row of figures, with a short dasb and a long dash alter- 
nating (Art. 33 c). 

For method of finding axes of ellipses in 5 (a). 5 (i), 6 («), and C (i), see Art. 87. 
Ink in the invisible portions of the ellipses in these figures. 



1'j:(_)i;lem.s 13 

t)PTl()NAL XV 5 (ij. Tliu prism cut by a plane of 2 (//). Show, also, an end view. 

Draw the top and front views of the cube of 4 (,i), Plate II., in one of the (<i). The pyramid out by a plane of •^ (a). 

most eomplicated positions with respeet to II and V in which it can be placed ^ ('')■ '^'^"-' l'}''''""''! ^'ut by a plane of 3 (!>). 

— /. ('., no face parallel to U or V. 

NOTES— I'LATE XVI 



PLATE XVI 



PLATE XVII 

PLANE SECTIOXS 



Study Arts. 88-97. 

Tlje planes of projection correspond to the faces of a 3" isometric cube in 1 (n), 

1 («, 2 {„), 3 (b), 3 (,/), 3 (A). 

PLANE SECTIONS Section line the solid in red, tlie view's in black (Art. 39). 

T'.irifnQr.i.t 1,,. ..,n.,.,c ^t ^..s.,,„^.■^, „..^ f <i t w ' CI i ii Rejiresent tlic tracc of tlio cuttiniT phuic lu cacli lu'obleni bv a dusli aud dot altcr- 

iiepiesent liy means ot isometric pro]cction the iollowin<j solids, toircther . 

..,,,•, " 1 1- , ■ It 1 ir • . "^ natins (Art. 33 (/). except wliere the i)laiie cuts the solid, 
with their top and trcmt views on II and V respectively. 

1 ("). A cylinder 2J-" hio-h ; 1-|" in diameter. The plane of the upper base OPTIONAL XVI 
is parallel to and J" below II. Tlie axis of the cylinder is H" behind V. The 

.„i;., 1 ,.;„.,* 1 1 h ] i ^^ r.it ■ e ^ c 4\ '■ i ^i , c Make a workiii"- drawino- of 1 {([) or 1 (c) ( >pti(.iiial II., sliowintr, in addition 

cylinder is cut liy a plane parallel to V, -g in front ot the axis, .and the jiart of . - ^. . v " i ' .-3' 

. I , ]• i„ • r " , ,. . 1 1 . ' , to tlie ordinary views, a section \iew. 

the cylinder in fr(jnt (jI the plane is removed. ■ 

1 [!>). A hexagonal prism 21" hioh ; siile of hexai;dn -J-ji" long-. The plane 

of the base is parallel to and |" below II. The axis of the j>risiii is I ?," behind 
V. The prism is cut by a jilane parallel to V, 1" in front of the axis, and the 
part of the prism in front of the plane is removed. 

2 {ii). The cylinder of I (<() when its axis is parallel to and li" from both Draw in orthographic projection the top and front vic.^ws of: 

H and V. The cylinder is cut by a plane parallel to V, |" in front of the axis, 1 (ii). A sphere 3" in diameter, having its centre l-J" from both II and V. 

and the part of the cylinder in front of the plane is removed. Show, also, a It is cut by .a plane parallel to V, -j" in front of the centre of the sphere, and 

view on the end plane. the portion of tiie sphere in front of the plane is rcmo\ed. 

2 (!i). The prism of 1 (//) when its axis is par.allel to and IJ," from both II 1 (h). Same ;is 1 ((y), except the cutting j)lane is parallel to II, f" above the 
and V. The prism is cut by a plane parallel to Y, 1" in front of the axis, and cciilre of the sphere, and the peirtion of tlie sphere above tlie plane is removed, 
the part of the prism in front of the axis is removed. Sln.iw, also, an end view. 2 («). A liol|i>w ">" cube, with an ojien hole 1" s(niare in the centre of eacli 

3 (((). A hex.agonal pyramid 2J,-" high; side of hexagon [A" long; plane of face. The dist.aiice between the inner and outer surfaces is .f'-j,". The plane 
base parallel to and 2J" below II ; vertex above base, 1)," behind V. The pyra- of the upper face is parallel to and |" bclnw II ; the plane id' the front face is 
mid is cut by a. plane parallel to Y,^" in front of the vertex, and the portion -|" behind \'. The cube is cut by a plane throiigh its centre, parallel to V. 

of the pyramid in front of the plane is removed. Assume two sides of the 2 (li). The same as 2 (((), except tin; cutting plane passes through the centre 

base parallel to Y. of the cube parallel to II instead of V. 

3 (/;). The same problem as 3 (o), except no side of the base of the pyramid 3 (k). A cylinder 3" high, 2" in diameter; plane of lower base parallel to 
is parallel or perpendicular to V. and :!|" below II ; axis 11" behind V. The cylinder is cut by a plane perpen- 

Draw the top and front views in true orthographic projection of: diciilar to V, and making an angle of 4.")'' with II. 'I'lic portion of the cylinder 

4 (((). The cylinder cut by a jilane of 1 («). above the cutting plane is removed. Assume the cylimhjr to be cut 2" up the 

4 (/j). The prism cut by a plane of 1 (/<). axis. (Show, also, true size of section cut.) 

5 (a). The cylinder cut by a plane of 2 (o). Show, also, an end view. 3 (6). A hollow hexagonal prism 3" high ; side of larger hexagon 1" Ions,'; 
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perpcTidioular distance between tlie inner and outer surfaces is ^" ; plane of 
the lower base is parallel to and 3|-" below II ; axis of tlic prism \-%" behind 
V. The prisni is cut 2" up its axis by a plane perpendicular to V, and making 
an angle of 45° with H. The portion of the prism above the cutting plane is 
removed. (Show, also, true size of section cut.) 

4 (a). A liollow hexagonal pyramid 3" hjng from base to vertex ; side of 
larger hexagon 1" long; perpendicular distance lietween the inner and outer 
surfaces is J"; axis of the pyramid parallel to and IJ," from both H and V; 
no side of the base parallel or perpendicular to H. The pyramid is cut by a 
plane parallel to Y and i-" in front of the axis. The portion of the pyramid in 
front of the plane is removed. 

4 (J). The same as 4 (o), except tlie cutting plane is parallel to H 
and -i-" above the axis. The portion of the pyramid above the plane is 
removed. 

5 (o). The pyramid of 4 (o) when the plane of its base is parallel to and 
3^" below IT ; axis 1-J-" behind Y ; no side of the base is parallel or perpendic- 
ular to Y. The pyramid is cut t)y a plane through its axis perpendicular to 11, 
and making an angle of 30° with A". The portion of the pyramid in front of 
the cutting plane is removed. 

5 (^h). The pyramid of 5 (o) in the same position as in .5 (a). The cutting 
plane passes through the vertex of the pyramid and intersects the plane of the 
base in a line parallel to Y, J,-" m front of the centre of the base. The portion 
of the pyramid in front of the cutting plane is removed. 

6 (n). The sphere of 1 (a) in the same position as in 1 (c). The cutting- 
plane is perpendicular to H and makes an angle of 30° with Y'. The nearest 
distance from the centre of tlie sphere to the cutting plane is J". 

6 (i). The same as 6 (a), except the cutting- plane is perpendicular to Y and 
makes an angle of 30° with II. The nearest distance from the centre of the 
sphere to the cutting plane is |-". 



PLATE XVIII 

CONIC SECTIONS* 

Given : A cone 4" high ; diameter of base 3" ; plane of base parallel to and 
4J" below H; vertex above the base; axis of the cone 3J" behind Y. Draw 
the top and front views in orthographic projection of this cone when cut by : 

1 (n). A plane parallel to Y and -|" in front of tlie axis. 

2 («). A plane perpendicular to Y and making an angle of 4.5° with H. 
The plane cuts the axis of the cone I-J" from the base. Show, also, the true 
shape of the section cut from the cone. 

3 (a). A plane perpendicular to Y and parallel to an extreme side element 
of the cone. The plane cuts the axis of the cone 2^" from the base. Show, 
also, the true shape of the section cut from the cone. 

Given : A cone 4" high ; diameter of base 3" ; plane of base parallel to and 
4?,-" behind Y; vertex in front of the base; axis of the cone 3-1" below H. 
Draw the top and front views in orthographic projection of this cone when 
cut bv : 

1 (i). A plane parallel to II and A" above the axis. 

2 (7/). A plane perpendicular to H and making an angle of 4.5° with Y. 
The plane cuts the axis of the cone IJ- ' from the base. Show, also, the true 
sliape of the section cut from the cone. 

3 (b). A plane perpendicular to II and parallel to an extreme side element 
of the cone. The plane cuts the axis of the cone 2|-" from the base. Show, 
also, the true shape of the section cut from the cone. 

OPTI(.:)XAL XYIir 
Draw a plate of line-shading simdar to that shown on page 105. 



(OPTIONAL XVII 

A prism 2?," square has its base parallel to XL Find the true shape of the 
section cut from it bv anv plane (except a profile plane) at an angle with H 
andV. 



PLATE XIX 

INTERSECTION OF THE SURF.iCES OF SOLIDS f 

Show by means of isometric projection the following solids, together with 
their toji and front views on H and Y respectively. 

1 ((()■ Two intersecting- cylinders wdiose axes bisect each other at riglit 



■ Study Arts. 98 (a), (b), (r). 



f Study Arts. 1112-104. 
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uiigk'S. Our cylinaer witli its upper l.ase in U is •-'" in ai,-imeter, tlie clhcr, 

with its axis paialk'l to II and V, is -21" in dianiL'tor. Each rviiudcr is 5" ion;;-. X( )TKS_rLATE XX 

The axis of the vertical eyi.nder is ." behind V. (Let II and V correspond U, ,,^„,, _„,,, ,„,^ j,. ^_,, j,,,^ „„ 

the top and front faces ot a ti ' .s.nnetnc cube.) F,„. \,„, ,,|^„^. .i,,,;^^. ,|,^. ^^j,^^^,^, ^^.j,,,;,^ „^^, ,,„^,,,^^. ,j,,^, .^^^ ^^^^^ ^^^^^^^^ ^^^^^ 

1 (/'). I he same problem as 1 (k), except the larger cylinder is vertical and 14"x5}'. 
the smaller cylinder horizontal. 

Draw the top and front views in true orthographic projection of : OPTIOXAL XX (t,. be drawn after Plate XXI) 

2 (<'). The cylinders as thev are in I (»)■ '^Itkc out of card- board the two intersecting cylinders of 3 (»), I'late 



2 {/)). The cylinders as they arc in 1 (/<). 

OPTIONAL XIX 
Make out of card-board the two intersectiuLc cvlinders of Plate XIX. 



PLATE XX 

IXTERSECTIOX OF THE SURFACES OF SOLIDS 



XXI. 



PLATE XXI* 

IN'TERSErTIoN OF THE SURFACES OF SOLIDS 

Draw the t'lp and front views in orthographic' proiectioii of: 

1 (a). The intersection of a cone and a cylinder. The i/oiie is 4" hiijh and 

the diamctci' of its base is :V' ; the jilane of its base is par.allel to and 4-'-" below 

II; vertex .above the base. The c_\ Under is 2" in diameter .and 4" loni;-. The 

axis of the .■ylinder is parallel to Initli II and \', and intersects the axis of the 



Draw the top and front views in true orthographic projection of: cone 1]" from the base of tli 

1 ((()■ The intersection of .a sphere 4" in di.auicter, with its centre 2}," fi'om 1 (/')• .^ame as 1 («), exccfit the axis of the c\lindcr intersects the axis of 

II and ;ij" from \', by a cylinder o" high and 1-)," in di.ameter. Upper base of the eoiic 1^' fi'oin the base of the cone, 
the cylinder is in II, with its centre on a 45' line tlirongh the top view of the 2 (a). Dc\i'lop the cone of 1 (>/). 

centre of the sphere LJ" from it. 2 (/<). Develop the lower part of the cone of 1 [li). 

1 (/')• The same problem as 1 (((), substituting a hexagonal prism .5'' high, Dr.au the top and front views in orthographic projection of: 

side of hexagon J" long, for the c\lincler given in I ((/). 3 (n). The intersection of a vertical bv an oblbjiie cvlinder. The vertical 

2 ((/). DcNclop one end of the c)'linder of 1 (((). cylinder is 2.\" in diameter and 4" lii^li, with its upper base parallel to and -.V 

2 (b). De\cl(ip one end of the prism of 1 (/))■ below II. The obli'jue cylinder is 4" long and 2" in diameter, with its axis 
l)i'aw the top ;ind frcmt views in true orthogra[)liic projection of: parallel to \', but making an angle of 1.3" with II. The axes of the two cvlin- 

3 {"). The intersection of a cvlinder and hexagonal prism whose axes dcrs bisect each other. 

bisect each other at right angles. The cylinder is 5" long and 21" in diam- o (h). The same as 3 {<i). except the ilianietcr of the vertical cvlinder is 2" 

eter ; its upper base is in II; its axis is 31" behind \'. The axis of the prism while that uf the oblique cvlinder is 2-1 . 

is parallel to both II and \' ; a side of the liex.agon is 1" long; length of 

prism 5". XOTES— I'LATE XXI 

3 (h). Same as 3 (</), exceiit the cvlinder is 2" in diameter, wdule the lenirtli -, , . ,,-,, 
"• ' V ' 1 . 5 Studv Art. 100, 

of a side of the liexagon tor the prism is \r . _Pi^.ij^, j,^^. |,j^,,^, j^,,, ,i„.^.^, ,|,^,^^,^ ^^^^.,, ^^ ■ ^ ,., 

4 (('). Develop one end of the prism of 3 (a). 

4 (/'). L»e\elop one end of the cyliiuler of 3 (b). -- Tn\s pU.tc may t.e omitted in al:.nd-el courses. 
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AN INTRODUCTORY COURSE IN MECHANICAL DRAWING 



OPTIONAL XXI 

A 3" pipe passes through a hollow box 12" x 12" xl-"- Sides of box 1" 
thick. The centre of the pipe is 4" from the left-liand and lower sides of the 
front face of the box and 4" from the I'ight-hand and upper edges of the back 
face. Make a working-drawing of the box, showing the shape of holes in the 
sides for the pipe to pass through. 



Do not ink in tlie outline of the sLadow. 
Put on the tint before inking. 

Sijade tlie parts of the different views in shadow a lighter tint than that used for 
the shadows on H. 

OPTIONAL XXII 

Find the isometric shadows of the solids of 4 (a), Plate II., and 5 (a), 
Plate III. 



PLATE XXII 

SHADOWS 

Find tlie shadow cast upon II by : 

1 (a). The square prism of 4 (a), Plate VIII. Assume the lowe?- base in IT ; 
the front edge is 6i" in front of V; the right-hand side face makes an angle 
of 60° with V. 

1 (b). A square prism 2|" high ; side of base 1^". Base in II. Front face 
to and 6y in front of V. 

2 (a). The octagonal pyramid of 1 (a), Plate IX., when its base is parallel 
to and ^" above H ; axis 5-1" in front of V ; vertex above the base. 

2 (6). A heptagonal pyramid 21" liigh ; base inscribed in a circle 2" in 
diameter. Plane of base parallel to and 1-1" above II. Axis .5-1" in front of V. 

3 (rt). The semi-cylinder of 2 (a), Plate XL, when its lower base is in II 
and the axis .51" in front of V. 

3 (i). The semi-cone of 2 (b), Plate XL, when the base is parallel to and 1" 
above LI. Axis of cone 6-1" in front of V. 

NOTES— PLATE XXII 

Study Arts. 112-130, and An. 40. 

Divide the space witliin the border line into tliree 14" x7" rectangles. 

The distance from the left-hand side of the rectangle to a point in the top view is ; 

For Fig. 1 (a) about 2^'j;" to the top view of the front edge of prism. 

For Fig. 1 (b) about 11" to left-liand front corner of base. 

For Fig. 2 (a) about 2-J-J" to centre of octagon. 

For Fig. 3 (b) about 3" to centre of heptagon. 

For Fig. 3 ('() about 2" to centre of .semi-circle. 

For Fig. 3 (b) about 2" to centre of semi-circle. 
Tlie ground line for each tigure is 5 ' below the top of the rectangle. 



PLATE XXIII 

SHADUWS 

Find the shadow cast upon II by : 

1 («). The blocks of 3 («), Plate II., when the base of the lower block is 
in II. Assume the front side of this base parallel to and 6|-" in front of V. 

1 (6). A square prism 2|" high ; side of base 1-|-". Front face parallel to 
and 1" in front of V. Plane of base makes an angle of 30° with H. The 
lowest edge is in H. 

2 («). The frustum and block of 5 («), I'late II., when the low'er base of 
the block is in 11. Assume the front side of this base parallel to and 6^" in 
front of V. 

2 (b). On the top of a It" cube is a block l-i-" wide, li" high, 3J-" long. 
The centre of the block is over tlie centre of the cube. The plane of the left- 
hand front faces of block and cube makes an angle of 30° with V. The front 
edge of block is 7" in front of V. Base of cube in II. 

3 (a). Same as 3 (b) below, substituting cylinder 2" and 1" in diameter re- 
spectively for the corresponding hexagonal prisms. Front face of square block 
61-" in front of V. 

3 (b). In the centre of the upper face of a block 4" square and -1" high 
stands a hexagonal prism 1" high, with two faces perpendicular to Y. Lenoth 
of side 1". In the centre of the upper base of this prism stands a second hex- 
agonal prism 1-1" high, with two sides perpendicular to Y; length of side !>". 
The front face of the square block is parallel to and V" in front of Y. Base of 
square block in II. 

NOTES— PLATE XXIII 
The ground lines and the spaces for the figures are tlie same as for the preceding 
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plate. The distance liom tlie lelt-liand side of a rectangle to a point in the top view Plate peri)eiidicular to tlie picture plane, witli two otliers Ijchind it, I'J," apart, 
of tlie corresponding tigure is : 

For Fig. 1 ('0 aljout 1" to left-hand front corner of lowest lilock. 

For Fig. 1 (l>) about '.ij" to lowest corner, /;'y/(7 rirw. 

For Fig. 3 (a) about |J" to left-liand front corner of lower block. 

For Fig. 2 {!)) about 3]" to front corner of upper block. 

For Fig. 3 (a) about ■" to left-hand front corner of sipuire block. 

For Fig. 3 (h) about [;!-" to left-hand front corner of square block. 
In 3 («) and 3 {/>) the shadow of the middle sdYuI falls upon the uiiper face of the 
square bluck instead of on H. 



OPTKjNAL XXIII 

1. A vertical cylinder 2-1" in diauieter and Zl" liigli .stands witli its base iu 
11. Tint the .shadow ou II and shade the cylinder by the graded tints. See 
Art. 41. Let the cylinder he sucli a distance from V that a small portion of its 
shadow falls on V. 

2. Same as the above, e.\cept draw cylinder in isometric, tint isometric 
shadow. Shade cylinder with graded shading. 



PLATE XXIV 

P K R H P F. TI V E 

Make a perspective drawing of : 

1 {</). A 21-" square plate, 1-1-" square hole in centre, in picture plane, edges 
vertical. Two similar plates exactly behind it, with 4" space between. j-= 1 ]-", 
y = 1 1". (Notes (* and h.) 

l'{h). A 21-" X 3" rectangular plate, with l"xU-"liole placed symmetrically 
in the centre. 3" side vertical. Place in [licture plane, with two similar plates 
directly beliind, 4" apart. .r= I-J-", y = 1-1-"- (Notes f and h.) 

2 (a). A 3 J,-" square plate with 2" square hole iu centre. It is horizontal, 
with one edge in the picture plane. Two others behiml it, 31" apart. .!'=1-J", 
j/=li-". (Notec.) 



.(■= 5.',-", //= 1". 

4 («). A 2-.V" cube, face in picture plane, edges vertical. Aiidther cube be- 
hind this, 2V' space between. .('=1-^", //= 1 1". 

4 (h). A sipiai'c prism 3" high, side id' b.asc 2". 2"x3" face in the picture 
j>Iane, with :;" e'li;i' vertiral. Another prism c\.-H-tly behind, 2" space between. 
.r=. 11, // = ]{-". 

5 ("). A square prism ■,'" high, side of base 3-t", with 2" square linle in 
cetdre <if sipiare face. ■>}," X f f'iCe in the picture [ilane. 'j" <'dgc \eitical. 
Two others beliind it, with 3,V" space Ijetwecn them. .r=l^", //=n" (Nutcr.) 

."> (/»). S.anic problem .as 5 (k), except that there is no square hide ; instead, rec- 
tangular Udtchcs 2" X i" X-J " are cut fr<jni the edges of the block fi'ont ami I'car. 

(((). Square pyi-amid 3" high, side of base 2". A.xis vertical. <>nc edge 
of base horizontal and in the picture jilaiie. Two others behind, with b.ases 
spaced 2" apart. ./■=:4", // = 11". (Xolc/.) 

G (6). Square jiyraniiil 3" high, side of base 21". Axis vertical. Pase 
Imriz'Udal and one edge in the pii-tiirc plane. Second pyramid directly behind, 
with 2-1" space between. .r = 3|-", .'/=11". (Nnle/.) 

XOTES— I'LATE XXIV. 

Before fieginlnng this plate rc;id Chiqitei' VII., Aits. 130-140. 143. 

((() Tlie lirsl- tliree ]iriiblenis have the- luirizDii 1]" below border line. Take S in 
the middle nf the liorizou, and same fur all three problems. S to D = 10", and use it 
one-half size. Ink in visilih' outlines of (itjjrcts lieuv}', construction lines in Hue dots. 
The last Ihree iirolilems liave horizon 1" below the centre of the sheet. S to I) = 10", 
and S put in cenlre of the hurizoii. 

Ill iiii'jiilii r Unit III! iinoxiii'i iiiriils miist he made in the pietiire plane. 

(A) In 1 ((() and 1 (/() the ]ilate in the picture plane is drawn in its actual outline. 
Tlie other flgures appeiir sniallc'r, since their corners lie on lines converging towards S. 

(c) In 3 (ii) iliaw all the 3i" square plates, first leaving out the square liole in the 
centre. Then t.-ilcc 3" in the middle of the front edge and join to S. The intei'scction 
of tliese lines with the iliiir/uiiii/s of the squares gives the 3" square hole. 

Art. 143 on equidistant spacing applies well to locating the corners of tlie large 



2~{l)). The plate of 1 {//) with its plane horizontal and the 3" edge in tlie squares. 

, m ii 1 1 • 1 -.- ,. 1 .)i".,„.,i.f (Knto /-7 "1 ('') 111 3 {/() the holes, 1' xll", in the centre of each pla 

Hcture iilane. Two others behind it and 2 i- apait. (iNotc(;.) ' ' -• . ., , ' 

1 ,, , , ■ i n> T 1 J. +1 -, uremenl — 11- ou the trout edge, 1 on the side edge. 

3 (a). A 3" square plate, U" square hole m centre. 1 erpend.oula, to tl.e ^^^ ^ ^^^^-.^ ^^^^^ ^^^_^^^ ^^^ ^ ^^^^ ^^^^^^^ ^^^^^^ ^^^^ ^,.^ ^^^^^ ^ 



Two others 



ate must be located by meas- 
thickness. Show the visible 



picture plane. One edge vertical and lies in the picture plane. ^ ,w ^.....o gjggg qqi^, 
beliind it, with 3" space between tliem. .r = 5-J' ,,'/ = ! • (/) Iu 6 (lO and 6 (b) locate the vertex from intersection of the diagonals of the liase. 

■' ih) The iilate of 1 (i) with 3" ed^'C vertical and in the picture plane. The height, however, must be measured in the iiictiire plate. 
2 
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AN INTRODUCTORY COURSE IN MECHANICAL DRAWING 



OPTIONAL XXIV 

A cone 4" in diameter at base and 5" high stands in such a position that a 
small portion of its shadow falls on a cylinder 3" in diameter and 5" high. 
Show all shadows, and shade the cylinder and cone with graded shading. 



PLATE XXV 

PERSPECTIVE 

Make a perspective drawing of : 
1 (a). The block of 3 («), Plate III. 

1 (5). The blocks of 3 (5), Plate II. 

2 (a). The block of 4 (a), Plate III. 

2 (b). The block of 4 (b), Plate III. 

3 (a). The block and frustum of 5 (a), Plate III. 

3 (b). The two lower blocks of 5 (5), Plate III. 

4 (a). The block of 5 [a), Plate II. 
4 {b). The cube of 4 (a), Plate II. 

NOTES— PLATE XXV 

Tbe rectangle for each problem is 7" x lOJ". 

For 1 (a), 1 (*), 2 (a), and 2 (b) the point of sight is -}" below the upper border line on 
the line between the two upper rectangles. 

For 3 (a), 3 (i), 4 (a), and 4 (6) the point of sight is "^' below the upper border line 
on the line between the two lower rectangles. 

In 1 (b) assume a 2" X 1" face of middle block parallel to and \" behind the picture 
plane witli a 2" edge horizontal. This makes two vertical 14" edges 34" apart in the 
picture plane. 

In 3 (rt) assume a 4" xi" face of lower block in picture plane. 

In 3 (b) assume two faces of lower block perpendicular to picture plane with the 
front vertical edge of the block in the picture plane. 

In 4 (a) assume tbe smaller end of the block in the picture plane. 

The distance of the eye from the paper is 14" for all problems. 

1 (ft), ■r='i\", y=l". 1 (b), x=2\".:i/=l" (to lower end of left-hand vertical V/' 
edge). 

3 (<-), i-4}", y = l". 2 (6), ,1-41", y^i". 



3 (a), a-2-}", ■i/=V'. 3 (b), .r=2J", y=li" (to lower end of vertical edge in picture 
plane). 

4 («), .r=5f', 2/=ll". 4 (*), .r=5f", y=Uf'. 

.r and y are to the lower left-hand corner of face in picture plane, unless other- 
wise noted. 

OPTIONAL XXV 

IMake perspective drawings of 4 (a), Plate XXIV., and 3 («), Plate IIL, 
when no face is parallel to or in the picture plane. 



PLATE XXVI 

PEUSPECTIVE 

Make a perspective drawing of : 

1 (a). The frustum of a cone, 1 (a), Plato IV. 

1 (b). The cylinders, 1 (b), Plate IV. 

2 (a). A cylinder 3" in diameter, 3" high. Axis vertical. 

2 (6). A cylinder 3" in diameter, 3" long. Axis horizontal. 

3 (a). The cube, 3 (a), Plate IV. 
3 (b). The cube, 3 (6), Plate IV. 

NOTES— PLATE XXVI 

Study Art. 143. 

Divide the plate into three 14" x7 ' rectangles. 

The point of sight for all problems is 5 " above the centre of tlie sheet, or 2" below 
top of centre rectangle. 

1 (a), x=2", y=4f, to left-hand front corner of square in which lower base is in- 
scribed. 

1 (/j), x=2", !/=4J", to left-hand front corner of square in wliicb lowest base is in- 
scribed. 

2 (a) and 3 (6). Cylinder is directly in front of point of sight, about 5" from lower 
border line. Front element in picture plane. 

3 (a) and 3 (b), x=:2", ?/=r4f", to lower left-hand corner of face in picture plane. 
Distance of eye from paper 16" for all problems. 

OPTIONAL XXVI 
Make a perspective drawing of a house. 



CHAPTER I 

THE SELECTION OF THE OI'TEIT 



1. It is important that the student of drawing should have a 
good outfit ; a poor one pi-events him from doing his best worlc, and is 
a constant source of annoyance. Tlie hcginner v)ill he -irrll rrjxtid for 
mil/ 2>i'ecii^iitions he inay tah' re-sidtuuj in the seJcrtioii of saii.sj-'acto/'i/ 
dravyinij instruments unil 'niiifertiils* 

An engineering student sliould be particular!}' careful in selecting 
his drawing instruments, since, Avith proper care, they can be used for 
many years. 

2. It is well to purchase the outfit of some reliable dealer, where 
any ]iart of it may be readily exchanged if found defective or in any 
wa,v unsatisfactory. A list of instruments and materials needed f)v 
the draftsman is liere given. The list is purposely made small. The 
draftsman can, from time to time, make such additions to this collec- 
tion as are required l^y his work, he being better able to select wisely 
for himself as time goes on. 

LIST OF INSTKUMENTS AND MATEEIALS 

1 ])i-a\vino--board (24"xl'7"). 

1 Set of Drawing' Instruments, including- Euling-pcn, Compasses with Pen, 
Pencil, and Lengthening Bar, with extra IIIIIIIIIIII Leads. 

1 T-S(juare, L'4" blade (see Fig. 3, page '23). 

1 45° Triangle, 9 inch (see Fig. 3). 

1 3O'"xC0° Triangle, 11 inch (see Fig. 3). 

1 iL'-inch Flat Scale, divided into si.xteentbs. 

" When possible the student should intrust the selection of his outtit to a competent 
judax' of drawing- instriin-ients and in;iteria]s. 



1 Sen)i-rireular I'rotrai-tor, 5 inch. 

1 Curve, similar to K. iV: E. Lubber Xo. 20. 

1 Drawing-peneil, IIIIIIIIHII. 




Fig. 1 

1 Erasing Rn liber. 

6 Tliuinb-tacks. 

1 Pen-holder, "Writing-pens fXos. 404 and 303 Oillott's), and 

1 Bottle Liquid India-ink; 1 Bottle Red Diawing-ink. 

1 Peneil-pointei- (fine flat file or sand-paper). 

"^ hite I»rawing-paper (nmnber and size of .sheets depemlini- 
be done). For this course at least twentv-four sheets 
k Esser's "Normal P;i[ier," 22 inches lung and 1 .j iu'di 



upon tlie 
similar to 
•s « idc. 



ivork to 
K'eutfel 



20 



AN INTRODUCTORY COURSE IN MECHANICAL DRAWING 



The following list of materials for tinting not needed at the outset is 
placed here for future reference ; 

1 Brush, size of K. & E. No. 3121-14 or No. 7 Devoe. 

^ Stick of India-ink. 

1 Water-glass 2^ inclies in diameter. 

1 Cal)inet Saucer, or Nest of Saucers, 3:^ inches in diameter. 

1 Small Sponge. 

Paper especially adapted to tinting. 

3. The Compasses. — Compasses with the needle-point leg no)i- 
detachaljJe, the pen or pencil-holder forming the other leg, are prefer- 
able. This does not mean that either leg is without a joint, for such 
compasses, the legs of which cannot be bent (see Fig. 11, page 27), are 
of little value. Test the compasses for alignment by bending both 
leo's, bringing the extremities together; they should meet perfectly. 
Undue effort should not be required to remoye the shank of the pen- 
cil-holder from the socket, and the pen should be as easily fitted in its 
place. All shanks, however, should fit the sockets accurately, too 
loose joints being as bad as too tight ones. The needle-point should 
have a shoulder to prevent a large hole being made in the ])aper. 
The pen which belongs to the compasses has many points in common 
with the ruling-pen (see Art. 4). The best instruments are of rolled 
metal (usually German-silver), while the cheaper kind are of east metal. 
The latter usually have a more polished or glossy finish than the former, 
and are easily recognized by one familiar with drawing instruments. 
The quality of the rolled metal cannot be determined by inspection ; 
the reputation of the maker is the best guarantee of its excellence. 

In addition to the instruments previously mentioned, the drafts- 
man will probably need sooner or later a pair of hair-spring dividers, 
a pair of bow pen-compasses, a pair of bow pencil-compasses, and an 
extra inking-pen. When buying the instruments required at the start, 
it is well to have them put in a case large enough to contain these 
additions should they ever be made. 

At present prices (1^97) a pair of compasses, with attachments (pen, pencil, 
and leno-thening Lar), good enough for ordinary work, can be bought for $3.00. 
A first-class set of the same number of pieces costs ahout $7. .50. 



4. Ruling-pen. — It is poor economy to Ijuy a second-class ruling- 
pen— a good one is absolutely necessary. A poor ruling-pen belongs 
in the same category ^vith a writing-pen that scratches or a pencil 
which cannot be made to mark. If cheap instruments are bought, 
let the dealer replace the ruling-pen belonging to the set by a first- 
class pen. The difference in cost is not to be compared with the ad- 
ditional comfort to be derived from the use of a good pen. The first 
test of a pen is its ability to rule clear, full lines of different widths. 
No pen \\\\i do this unless its nibs are of even length and moderately 
shai-p. Pens with ivory or bone handles are usually of inferior 
grade, and if dropped break easily. Blades ending in a rounded point 
are preferable to those having a narrow sharp one. The upper 
blade should have the thin spring back of the set-screw. The pen 
whose upper blade is hinged for the purpose of cleaning is going 
out of use. One is made, however, by Alteneder, which can be 
opened, cleaned, and closed again without changing the width of 
line; this pen is highly recommended. Its price is more than that 
of an ordinary pen, however, and makes it a luxury rather than a 
necessity. 

An ordinary iiiking-pcn of medium size costs fi'om $1.40 to 81.90. 

5. Care of Instruments. — Without proper care the best of in- 
struments are quickly spoileil. Tlie dii'ections are simple — liecqi them 
cleiin and dry. Ink sJundd not he allowed to dry in the jjen, and all 
pieces should be wiped with cloth or chamois after using. It will 
be necessary to sharpen the pens occasionally, and eyery draftsman 
should possess a thin oil-stone for this purpose. Screw the nibs close 
together, and draw the pen across the stone a few times precisely as 
if drawing lines upon it, but changing the inclination of the pen from 
one side of the vertical to the other, so as to keep a rounded jJoint. 
This will ]nake the nibs of equal length, but dull. Unscrew the pen 
and sharpen each nib separately by rubbing its outrr sitle on the 
stone, taking care to hold the pen at a sinedl angle with the horizon- 
tal. The burr on the inside of the nibs may be removed by a stroke 
or two on the stone or with a fine flat file. 
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6. T-Square. — The chief requisites in a good T-square are : (1) 
That the blade be securely fastened to the head ; (2) that the inside 
edge of the head be perfectly straight; (3) that the upper or ruling 
edge of the blade be perfectly smooth and straight, free from all 
nicks or rough places. The blade is more apt to remain true if the 
grain of the wood is parallel to the ruling edge. 

A wooden T-sqiiare with a blude 24 inches long can be bought for abont 25 
cents. One with ebony or celhdoid edges costs from 75 cents to $1.50. 

7. Triangles. — Wooden triangles are usually inaccurate, llubber 
or celluloid triangles are much to be preferred. Any triangle is lialde 
to warp, but it should at least be straight when bought. Celluloid 
triangles warp more easily than ruijber ones, but attract less dust, 
making it easier to keep the drawing clean. There is some advan- 
tage, also, in working with transparent triangles. On the whide, cel- 
luloid triangles are perhaps the best; they should have, however, a 
thickness of nearly a sixteenth of an inch, because of the tendency 
to warp if thin. Since the triangles are used for ruling, all edges 
should be smooth and straight. The right angles may be tested for 
accuracy by placing one side against the T-square and drawing a ver- 
tical line (see Fig. 3, ]iage -i3). Turn the triangle over, placing the 
same side against the T-S(]uare, and if the angle is not a right angle 
the vertical side will not coincide with the vertical line. Similar tests 
for the io^ 30", and 60" will suggest themselves to any one familiar 
with elementary principles of geometry. 

\\'ooden triangles cost about 25 cents each. Celluloid and rubber triangles 
of the size recommended cost from 50 cents to 90 cents each. 



9. Inks. — For a certain class of work di-aftsmen often prefer to 
make tlieir nwn ink from Chinese stick-ink. For ordinary work pre- 
pared inks sold in bottles having some device in the stopper for till- 
ing the pen will answer every purpose. The ink should be absolutely 
black and opa([ue, and adhere to the ])aper when dry, even if ruljbed 
over; should flow readily, dry quickl}', and retain these properties for 
a reasonable length of time after the bottle is opened. Water-proof 
inks are preferable. Iliggins's water-proof inks are recommended. 

Cost, 25 cents per bottle. 

10. Drawing-boards. — At most schools and colleges boards are 
loaned to the students. The ends should be straight and true to 
allow perfect contact with the head of the T-square. It is ncjt nec- 
essary that the corners of the board should ije exact right angles, the 
T-square being used on one edge of the lK)ar(l only. Warping should 
l)e guarded against by cleats or some other device. The top of the 
Ijoard shi;)uld be one smooth plane. 

A drawing-board 18 in. x 24 in. costs from 50 cents to 75 cents. 

11. Drawing-paper. — The surface (_)f the drawing-paper should 
be such that a clear, sharp ink-line of any width can be drawn upon it ; 
it should stand a reasonable amount of erasinc; without beino- destr(jv- 
ed or rendered unfit for further inking. Keutfel eVr Esser's " Kornnil 
Paper"' meets these requirements, and for ordinary work is as satis- 
factory as the more expensive papers. 

Cost of sheets 22 in. x 15 in. about 50 cents j)er (hizcn. 



8. Scale. — A 12-inch flat scale with bevel edges will answer ever}' 
purpose. It will be found convenient to have one edge divided into 
sixteenths of an inch, the other edge into tenths of an inch. In some 
classes of work triangular scales are used. The usual form is the 
"Architect's" triangular boxwood scale, 12 inches long, with divisions 
•fV> fV, h h h h h 1> li' ai^t^ 3 incites to the foot. 

A flat scale costs about 50 cents ; a triangular scale about 81.00. 



12. Miscellaneous. — A curve of wood, rubber, or celluloid, sim- 
ilar to the one shown in Fig. 1, is recommended. Cost, fi'om 20 cents to 
4.5 cents. A small metal protractor, of about 2-incli outside radius, 
costs 50 cents. A horn protractor costs 2."'i cents. The pencil should 
be very hard (llllllllllli) ; cost, 10 cents. T/ie p.dra leach for the 
compasses sltoiili] he equalh/ hard. A fine flat file is the best pencil- 
pointer. The pin of the thumb-tack should not be over J^ in. louf. 
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The " multiplex" erasing rubbei' and " Davidson's Velvet " rubber are is not advisable to go. Materials and instruments can be bought 

recommended. cheaper, but they are as a rule unsatisfactory. It may be nec- 

13. Summary: Estim.ated Cost of Outfit. — In the following essary, however, in some cases to buy a less costly outfit than is here 

estimate the minimum cost has been fixed at the point below whicli it given : 

Miiiiiiijliii. Mii.ciiniijil. 

Compasses, with attacliiiients §3.00 $7. .50 

Ruliiio-.peii 1.40 1.90 

T-square 25 1.-50 

Triangles 50 1.75 

Curve 20 45 

Seale 50 1.00 

Protractor 25 50 

Inks (black and reil) 50 50 

Paper (24 sheets 22" X 15") 1.00 1.00 

Miscellaneous 40 50 

Total yy.OO §1U.00 

To the above list may be added materials for tinting, costing 
about 75 cents, and a drawing-board, in case one is not furnished by 
the school, costing from 50 cents to 75 cents. 



CHAPTER II 

THE USE OF THE riKAWING IXSTKUJIENTS * 



14. The Pencil. — Pencil lines should be as fine and lig'ht as pos- 
sible and still be clearly visible. Deai'ing on hard witli the pencil 

will cut tlie paper and leave a mark 
: whicli cannot be erased. The pencil 

should be sljarpened to a tJi ai wedge- 
siiaped lead at one end (see Fig. 2), and a 
sharji round-pointed lead at tljc other end 
The flat lead is used for drawing lines; 
the round lead for inai'king points, letter- 
ine the di'awino-, anil all similar work. 
Lines are drawn with the flat side of the 
pencil lead pressed liglitly against the 
ruhng-edge, the pencil itself being held 
nearl_y vertical. Lines should be so close 
to the ruling-edge that they are scarcely 
visible until the edge is moved away. To insure this, it may be nec- 
essary to incline the pencil-top slightly outward, thus bringing the 

* In this cliapter the intention lias been not to give a single unimportant direction, 
DOr one not Imsed upon the common experience of tlie best draftsmen. Tlie begin- 
ner is urged to follow the directions as closely as i)Ossible, even tliongli the reason 
for doing .a thing in a certain way may not at fiisl always he apparent. Habits formed 
at the start are not easily changed. Extra precautions aie therefore necessary on the 
part of instructor and student that the latter may acquire early the shortest and best 
methods of work. 

Tlie student is not expected to read this cliapter fiom beginning lo end, but to 
study each article as it becomes necessary for progress in llie work. The best I'esults 
will "be obtained by rereading the most importanl articles, such as lliat on the use of 
the ruling-pen, several times during the course. 



Fig. 2 
Two views of tlic wedge-shaped lead 



lead in contact witli tlie hrwei' corner of tlie niling-edge. The hand 
holding the pencil sliould be in a ]iosition similar to that of Fig. 10, 
page 27, steadied Ijy sliding on part of the little linger. Tlie pencil 
should always be (Irinoi, not jxixlicd. Thus, in general, lines ai'e 
ruled from left to right and from tlie bottom u[). 

15. The T-Sqiiare. — The T-square is used with its head held firm- 
ly ao-ainst the left-hand edjie of the boaril. A line ilrawn with it in this 




Fig. 3 



position is called a horizontal line. Anj" number of horizontal lines 
may be drawn Ijy sliding the T-square up or down. Horizontal lines 
are drawn from hft to r'njjit, the ])encil or pen being guided l^v the 
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upper edge of tlie T-square blade. Do not use the lower (or nearer) 
edge of the blade. The T-square is held in position with the left 
hand pressing its head against the board, leaving the right hanil free 
to draw the line. The T-square is not to be used with its head 
against the top, bottom, or right-hand edges of the board. If, how- 
ever, a draftsman draws •with his left hand, he will need to use the 
T-square on the right-hand instead of the left-liand edge of the 
board. The habit should early be acquii'etl offeeliruj the head iu per- 
fect contact with the edge of the board before starting to draw a 
line. 

16. The Triangles. — {a) The two triangles commmily used are 
shown in Fig. 3. One triangle has two angles of 4.5" each and a right 
angle; the other has a 30" angle, a tin"' angle, and a right angle. 
The first is called a 45° triangle, tlie second a 30° or 00' triangle. 
Tliese triangles are used for ruling straight lines other than huri- 
zontal lines, for drawing parallel lines, for erecting a line perpendicu- 
lar to any other line at any given point, and for drawing lines at 
certain angles to the horizontal. A'arious other uses to which the 
triangles may be put will occur to the draftsman after he becomes 
accustomed to working with them. 



(i) Vertical Lines. — Yerticai lines may be drawn with either tri- 
angle by placing a short side against the T-square. (See Fig. 3.) 

(';) Lines Ifaklny a Given Angle with the Horizontal. — A 15°, 30°, 
45° or n° line is understood to mean a line making an angle of 15°, 
30°, 45° or n° respectively with a horizontal line. By placing one 
edge of the 30° angle of the triangle against the T-square a 30' line 
can be drawn in four directions from any given point. By using the 
other angles, 45° and 60° lines can likewise be drawn. By combining 
the two triangles (Fig. 4 and Fig. 5) 15° and 75° lines can be drawn. 
Thus by means of the T-square and triangles a circle can be divided 




into twenty-four equal segments by (h'awing from its centre 15°, 30° 
45 ', t'lO', and 75° lines in each of the quadi-ants formed l)v a horizon- 
tal and a vertical line intersecting at the centre of the circle. 

[il] To Drain One or Mor<' Lines L\rra]Jcl to a Giren Line. Make 

any edge of one i>f the ti-iangles coincide with the given line and 
bring an edge of a second triangle into jierfect contact with one of 
the two remaining edges of the first triangle (Fig. i]^). Hold the 

* Iu Figs. 0, 7, 8. and 9 the .iriginal position oi the tii-st triangle is shown by the 
parallel line triangle clra\Yn on the paper. 
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secrmil triangle perfectly stationary and slide tlie tirst triangle upon first triangle has Ijeen moved to tlie tlesired imsition ; the left hand can 



It (Fig. ( 
tice enaljli 
given case. 



Either triangle may be used for the first one, a little prac- 
ng one to cho(jse the mi)St convenient arrangement for anv 




Fir. 



(e) To'Jirect ii T'l^/'jic/id/'rii/i//' to an;/ Ltiu- <i.t iiinj Gicirn. I'mnt. — 
Make (jne edge of the right angle of either triangle to coincide with 
the given line (Fig. 7). Bring an (ii\)i^Q of a second triangle into per- 
fect Contact \vith the hy]iotenuse edge of the hrst triangle. Slide tlie 
tirst triangle upon the second, as indicated in Fig. 7. 

( f] Si'rond MdhiiiJ. — Make the hypotenuse edge of either triangle 
coincitle with the given line (Fig. S). Fring an kt^\%ii (preferaljly the 
longest edge) of a second triangle into contact with one of the two 
remaining edges of the' tirst triangle. Holding the sec(jnd triangle 
stationary, turn the fii'st triangle to the ]iosition sliown in Fig. S. 
This methiid can nften he used where the first method camnit. 

iq) In all of the three methods here given, the greatest care should 
1)0 exercised to ]irevent the stationary edge from slipping: the sec- 
ond triangle being held firmly in place with the left hand until the 



then hold both triangles, leaving the light hand frei- to use the })encil 
(Fig. '._>). If only one line is to be drawn, it is evident that when the 
first triangle has been moved to its final position the sectjiid triangle 
need no longer be held in })lace. In large drawings it will often be 
found of advantage to use the T-sijuare in jilace of the stati(jnary tri- 
angle. 

17. The Ruling-pen. --To ink m a draAving well retjuires great 
cai'e and some experience. The beginner should not attempt to ink 
in his drawing until he can make a clear-cut straight line with rea- 
sonable certainty. To insure this, practice inking straight i)encil lines. 
It is g<jod practice, also, to ink in sqnares. r(/ctangles, and tiiangles 
until not onlv tlie lines themselves are good, Ijut the corners and in- 
tersections also. Corners should Ije very delinite. J!e careful t(j sto]) 
each line at exactly the right point, for ragged corners and poor inter- 
sections indicate cai'eless tlrafting. 

Before starting to ink, try the pen on a })iece of paper //7v; thid 
ujKin irliii-h it /.s- til tir iisol, to determine the proper width of line. 
(It is well to keeji [)art of a sheet especially for this purpose.) ^Vdjust 




Fig. 7 
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the pen hy means of the thnmb- screw, opening or closing tlie nibs 
until a tirm, clear line of metlinm width is oljtaineil. If the line is 
ragged or the \^en fails to work, it is probably because the nibs are 
not exactly of the same length, or because they are not sharp enough. 




Fig. S 



A nib which is too short or too dull will leave //v side of the line 
more or less brolcen. Tlie inlv oftentimes can be made to flow Ijy 
moistening the end of a finger and touching it to the point of the 
pen. Tlie best of pens Ijecome dull with use. and, as it becomes nec- 
essary, each draftsiuan should sharpen his own pen according to the 
directions of Art. 5. 

To fill tlie pen, insert a common wiiting-pen full of ink Ijehveen the 
nilis. Prepared inks usually have some device for filling the pen in 
the stopper of tlie Iiottle, designed also to be inserted helmt'en the nibs. 
Another way is to dip the ruling-]ien itself into the ink. wiping the 
outside of the pen dean Ijefore using. In whatever way the pen is 
filled no inlc should be allowed to remain on tlie onixhjr of the nilis. 
Do not overload the pen, but, on the other hand, I)efore conimencinr;' 
a line be sure there is ink enough tn last its length, as it is difficult 



to " piece" or continue a line after refilling the pen. The fiow of ink 
will be much more satisfactory if the charge is kept from becoming 
so small as to cause the ink to dry or tiiicken in tlie point of the pen. 
In fact, the only way to draw fine lines successfulh' is by frecjuently 
cleaning and refilling the pen. 

The pen should be held almost perpendicularly, thurnh ■ serein out, 
with both niljs pressing evenly on the |iaper (Fig. lOi. The pen may 
be inclined sliijJdJi/ in the direction in wliicli it is moved, but the nat- 
ural and common error is to incline it too much. It is a mistake not 
to acquire early the correct metliod of holding the pen. The best pens 
incorrectly held produce poor lines. Do not press the side of the 




Fir, 9 



pen -point too heavily against the rnling-edge, as the nibs will be 
]iushed together and the width of line will varv. A certain '' touch," 
familiar to good di'aftsnien, lirings the pen liijlith/ but prmli/ in con- 
tact with ]iaper and ruling-edge at the same time. SteaJi/ the horul 
Inj sliding on the end of tJie little fngti'. The ]ien sliould be moved 
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Fig. 10 



tVoin lol't lo i'ii;ht, ami shoukl be 
(li'.iii'ii. not y'(/.vA, ,/. Soc that there 
are nil small part ieles of dust of lint 
in its path. 

^Jever push the i>en liaekwavd 
over a, line. U' a line is not well 
drawn the Hi'st time it is rather 
dillieidt to ■■ patch it np." The best 
nu'thod is to go over it a second 
time 111 tlie same direction, tak- 
ing cart' not to widen the original 
line. Do not ink too close to the 
T-st[uare ov triangle, but ]ilace the 

ruling- edge so that it does not quite coincide witli the ]iencil line. 
Endeavor to get intii the easiest position to ink a line, even though 
it become necessary to \valk aromul the drawing. iFor this reason 
nianv drat'tsmen prefer to stand while inking.) Keep the ruliiig- 
eilye h,Jii\,n the line and the body, so that in moving the jien the 
teiulencv is to draw it ih/idiis-t the niling-ei.lge, otherwise the ])en is 
apt to be pulled ijir,ii/ tVom it, making a break in the line. AVhen 
the line is inked remove the T-stjuare or triangle by drawing it dtrai/ 
from the line or tC)wards the body to avoid blotting or blurring. 

When several lines meet in a point, it' possible ink froin and not 
tmriirds the point, otherwise too much ink will gatlier at the intersec- 
tion of the lines. .Vllow one line to dry before inking another. The 
same precautions are necessary in inking acute angles. 

If the f'ij< or I, ft -Jut nil lines are inked first, and the draftsman 
works ihiii-ii or to the fiiiJit respectively, time will be saved which 
would otherwise be lost in waiting for lines to dry. In inking in 
small details, place one triangle so that the lines to be inked lie with- 
in the open space in the centre of the triangle. A second triangle can 
then be laid across the tirst and used as a ruler in any tlirection Nvitli- 
oiit blurring wet lines. 

■\Vhen the pen is set at the proper width, aroid changing its nibs 
until all lines of that width are inked. The ])en is easily cleaned by 



placing a ])iece of cloth between the Ijlades and forcing it out througli 
the end without loosening the thumh-screw. India-ink (.Iries (juickly, 
therefore tlo not la\' tlie jieii aside' for aii\' length of time without 
cleaning. Ink left to dvy in the pen will almost surelv corrode the 
p<:)iiits; for this reason the pen should be kept bright and clean wheu 
ntit ill use. 

18. The Compasses. — [<i) Before using the compasses adjust 
them as follows : Insert the pen attachment in place of the one contain- 
ing the pencil lead. Set the needle-point so that the pen-point and the 
shotdder on the needle-point are even when the compasses are closed. 
liei)lace the ))en by the pencil lead (previously well sharpened), and 
adjust the latter so that it is even \vith the needle-point when the 
compasses are closed. The needle-point can now be used with either 

pen or [leiicil without being reset, the 

pencil alone needing readjustment 

from time to time as it wears otf. 

( >f the two ends of the needle, the 

one with a shoulder sluuild Ijc used, 

as it is designed to keep the point ; \ 

from ma Iving a. large hole in the pa per. — ~ .>. i „ ,— .. ■ ^ / ,. . , ^ ^,.. „ 

[h] \]\ tising the compasses liend 
both legs SO that eacli will f)(> perpen- 
dicular to the ]iaper when the arc 
or circle is drawn (see Fig. 11). Be 
particularly careful to do tliis when 
the |)en attachment is used, fiir in 

no other way can the nilis of the pen lie made to liear evenly on the 
paper. 

(c) Most compasses are jH'ovided with a cylindi'ical handle at the 
head. In using the compasses. Imld this liamlle rather looselv lietween 
the thumb and forefinger, and /- ;' // mil ]i,fir,,i, tin /'/v during rota- 
tion. Allow the conijiasses Xo lean a little in tlie ilirection of revolu- 
tion (which IS clockwis(>\ and bear down sliu'litly on the ])en oi' pencil, 
but not on the needle-jioint. In inking, however, the lattei' should l)e 
firmly ti.xed in its ]iroper place liefore touching the jien to the paper. 
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otherwise it is apt to slip. Or the other hand, the hole made Ijy the 
needle-point should be as small as possible. When a point is used as 
a centre for several arcs or circles, extra care is necessary to pre- 
vent the hole from becoming too large, in which case it will be un- 
sightly, and will jirevent accurate work. In setting the needle-point 
on any particular centre, guide it to place with a linger of the left 
hand. 

(il) The circumference of a circle should be inked with one contin- 
uous motion, an even pressure of the pen upon the paper being kept 
throughout. Stop the pen exactly at the end of one revolution, lest 
the line be made uneven bv further inking, 

(e) Circles and arcs of circles should be the first part of a drawing 
to be inked in, as straight lines are more easily drawn tangent to 
curves than the reverse. 

{/) The lengthening bar is used for arcs or circles of greater radius 
than can be drawn with ordinary compasses. For very large arcs. 
" beam compasses," designed for the purpose, are used. For cii'cles of 
one inch diameter or less, " bow compasses" are used, ordinary com- 
passes being too clumsy for such small circles. 

(g) isote that many of the directions for the use and care of the 
ruling-pen, such as HUing, cleaning, sharpening, etc., apply also to the 
pen belonging to the compasses. 

19. The Dividers. — Dividers arc chiefly used for dividing a Hne 
into any number of e([ual parts, and f(jr transferring distances from 
one part of the drawing to another. T/iei/ should not Ije uHeil for 
transfer ring (listances from scale to paper. Compasses can be used as 
dividers, but the accuracy attained will not be as great. 

Let it be recjuired, for example, to divide a line into seven ecpial 
parts. Open the dividers until the space between the two points is 
equal, at a guess, to about one-seventh of the length of the line. Be- 
ginning at one end, step off seven spaces on the line. Suppose tlie 
last point falls short of the end of the line bj^ about one-lialf an inch. 
Since the error has been multiplied seveu times, make the space be- 
tween the points of the dividers al)out one-fourteenth of an inch 
greater than before, and apply the dividers seven times again. Thus, 



by trial, the error is constantly reduced until the dividers are set cor- 
rectly. (Three such trials at the most should be sufficient.) In using 
the dividers in this way, one or the other of the points is alwa^ys on 
the line, the two points altei'nating front and rear. The point in front 
is used as a pivot, the st'/A//-revolutions being alternately to the right 
and left of the line. In doing this, it is not necessary to make holes 
in the paper. Accuracy and neatness require that the points of the 
dividers should simply rest on the surface of the paper. 

When a distance to be transferred from one part of the drawing 
to another cannot easily be laid off with the scale, the dividers are 
used. The thumb-screw is for opening or closing the dividers slowly, 
and its value is evident in setting the ])oints to a known distance. 

20. The Scale. — (a) IMuch time may l)e wasted by the faulty use 
of the scale. To lay off distances, place the scale on the paper and 
mark points with the round-pointed lead of the pencih making sure 
they come exactly opposite the proper divisions on the scale. In 
measuring- distances along a line, the edge of the scale should, of coarse, 
1)0 i:lose to the line throughout its length. Do not transfer distances 
from scale to paper by means of the comjiasses or dividers. Xever 
use the scale as a ruler. 

(7/) It is evident tlurt tliere are many olijects, the drawings of 
which cannot be made full size and come within tiie limits of the 
paper; they are accordingly drawn to a redaced "scale."' When, on 
the other hand, olijects are very small, it is often convenient to make 
the drawing to an eidargeil scale. The ordinary method of making 
such drawings is to assign to the inch an arbitrary value, so chosen as 
to make the drawing the desired size. Thus every inch on the scale 
may represent a foot on the object, in which case the scale is said to 
be "one inch to the foot." If one inch represents four inches, the 
scale is "three inches to the foot," or quarter size, and so on indef- 
initely. Sometimes the scale is very small, as in map-work, where 
one inch often represents several hundred feet. When one inch rep- 
resents two inches the scale is simply " half size." 

There are special scales made for this kind of work, the use of 
which is explained in Art. il. If an ordinary scale is used it is better 
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(unless the drawing is made "half size") not to reduce the dimensions 
of the object hy arithmetic, but to rend (Vi recti y frovi' the settle -itstdf. 
This becomes easy l)y eha)ifjhiij hi the minil tlie value of eat;h iTtri.swii 
on the settle. Tims, if makinir the drawino- "one inch to the foot,'' 
thiiiih of each inch as representing one foot. To lay off six feet three 
inches one would at once go to the six-inch mark and then to the 
C|uarter-inch mark beyond. Again : If the scale is three inches to the 
foot, or '-one-fourth size," ////y/i of each inch as representing four 
inches and each quarter inch as one inch. To lay off six and one-half 
inches one would count off six quarter inches (or, better still, go at 
once to the one and one-half inch mark), and one-eighth of an inch 
beyond would Ije the I'equiretl point. It is frecjuently necessary to 
estinuite small distances. If, for example, in the first illustratioir it 
had been required to lay off six feet tivo inches, one woukl go tivu- 
tJiirils of the quarter inch Ijeyond the six-inch mark. It is in such 
cases that the special scales are of distinct advantage. (See Art. i!f.) 
21. Architect's Scale. — The end space of the architect's scale is 
divided into twelve equal parts. For example, on the scale used for 
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1 in. = l ft., the end inch is divided into twelve parts, each one of 
which rtjeriNi-nts an inch. The other inches are not thus subdivided, 
but are uumbered, the zero point being between the first and second 



inch. Thus the second inch frr)m the end of the scale is marked 1, 
the third 2, and S(j (in. To lav off 2' — 1(V', for examjile, from a point, 
place the mark 2 at the given point; zero on the scale will then b(j 
two feet awa}', and (since the end space is divided into twelfths) ten 
spaces beyond zero will be opposite the point required. (See Fig. 12.) 

The other scales referred to in Art. S are constructed and used in 
a similar manner. Inspection of Fig. 12 will make clear, for example, 
how 3' — 4" would be laid off with a. scale of | in.= 1 ft. 

End spaces are often divided into twenty-four or fortv-eight eijual 
parts, in onh'r that half IiicIk'S and (piarter-inches can lie read off. 

22. The Curve-ruler. — (d) To ink in a curve smoothly by means 
of a curve-ruler is one of tlie most difficult things a draftsman has 
to do, and nothing but persistent, careful practice will enable one to 
attain satisfactory results. A series of points through which the curve 
must pass is given. Sketch the outline in pencil, free-hand, through 
these ])oints, and ink in small portions with the curve-rulei-, drawing 
from left to right. The cui've will coincide with the pencil outline 
fur a short lentjtli otih/, and great care is necessary to make the differ- 
ent sections join well. To insure a smooth curve, it is well to let the 
edge of the rulei- coincide with a small portion of the curve be\-(ind 
the ]ioints where any particular section is begun or stojiped. In ink- 
ing, always keep the blades of the ruliug-}i(>n tangent to the curve by 
alhiwins' tlie handle to turn l)etween the tliunib and fino-ers. 

(/;) In inking paraljolas, liy]ierbolas, and similar curves with a 
sharp turn, the common ditficulty is in avoiding a slight angular 
break in the curve at the turn. The part of the ruler used for one 
side of the bend should lie such that if the line were continued it 
would nearlv coincide with the curve for a short distance the other 
side of the bend. 'When the ruler is reversed for the curve on the 
other half of the tui'u, the angular break referred to sliould not result. 
A siioill ])ortic)n of a narrow turn can usually be better drawn with 
the bow compasses than with the curve-ruler. 
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23. To Fasten the Paper to the Board. — (n) Fasten the paper 
(one sheet only) to the board h}' means of thumb-taoks, one in each 
corner, pressed down until the heads are flush with the paper. Insert 
a tack in one corner, make the paper square with the board by means 
of the T-scpiare, stretch it diagonally across to the other corner, and 
insert a second tack; stretch the paper diagonally in the other direc- 
tion and insert tacks. It is not so essential to have the paper square 
with the board as to have it stretched fiat anil smooth. In large sheets 
it ma}' be necessary to put additional tacks along the edges. A tack 
can be teraporarilv removed when it interferes with the work. 

(b) In certain kinds of work the best results can only be obtained 
by stretching the pa,per while damp. This is done by moistening the 
whole sheet, with tlie e.xception of a border of half an inch on the 
outside, until it is limp. Secure this dry border to the board with 
mucilage, wliich must .set before the body of the paper dries, so that 
the latter may be stretched uniformly by its own contraction. Use a 
sponge in smoothing the paper and work from the centre out. In 
gluing the edges commence with the centres of op])osite edges, leav- 
ing the corners until last. Out the paper from the board when 

* Skill in liandliiig the iiistruinents must be supplemenled b}' ii general knowledge 
of tlie iiiethoch nf work. Tlie nucleus of tliis "working knowledge" can be earl.7 ac- 
quired from a few important directions based on common experience. There are many 
lia))its of accuracy and liule devices for time-saving whicli are second nature to a. good 
draftsman, and which go so far towards m.-iking one an c.vpert. Once started right, the 
draftsman's own e.x|ierience is Ijis best teaclier. 

Tlie foot-note at the tjeginniug of Chapter II. apjjlies to tlds chapter also. 

Arts, 23 to 33 are to be I'ead Ijcfore the first plate is drawn. Arts, 3-1 lo 45 arc put 
in this chapter for convenience of rel'ercnce later in the course. 



the drawing is finished, following the edges around successively in 
ortler. 

(c) Dealers in paper endeavor to keep it flat ; the draftsman should 
keep it flat also. If kept in rolls it wnll not lie smoothly on the board 
unless it is hrst wet and stretched according to the above method. 

24. Precautions to Insure Neatness. — The paper and instru- 
ments must be clean to start with, and kept so, if possible. The tri- 
angles and T-square are liable to become dusty. It is well to wipe 
tljem with a damp — not a wet — cloth before commencing work, and as 
often afterwards as necessary. The paper should be kept clean l)y 
means of a stiff brush or a silk or linen liandkerchief. There is little 
danger of applying the brush or handkerchief too frecpientlv. After 
the eraser has been used, always bi'ush the surface of the paper clean 
before proceeding with the work. 

In inking, watch the pa]ier in front of the pen, and if a particle of 
dust or lint gets in the path, blow it away before it can get into the 
pen and spoil the line. Beware of wet lines or a pen too full of ink, 
or dropping the ]ien on the paper — most common causes of blots. 

25. Arrangement. —(</) The pleasing appearance of a sheet of 
drawings depends largely upon the arrangement of the different parts 
or figures. The appearance as a wliole should be symmetrical; this 
is secured by the jmlicious spacing of tlie hgures with respect to each 
otlier as well as to the edges of the paper. It is often difficult to esti- 
mate the space whicli any one figure will occupy when drawn, or 
what the general effect will be when compared with the other ad- 
jacent figures. Xo general rule can be given, but the attention of the 
draftsman is called to this i>oint as one of importance. 
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{b) A boixlev line more or less elaborate can be used with good 
effect where the drawing itself is more or less elaborate. A single 
heavy line, or a heavy line with a light line just inside of it, will 
usually make the most suitable border. One needs to be quite 
sure that his drawing /.s' elaborate before adding a fancy border. 
When there are several sheets of drawings of tlie same object, it is 
customary to make the different sheets and boi'ders of one size. In 
sinii)le, plain drawing, it is, perha])s, in better taste not to put an)' 
border' on at all. 

((•) It is well to note here tliat wliile tlic fii^ures of ibc plates of this course are per- 
haps too simple to require bonier lines, iievertiieless tor eonvenience in locating the 
problems such lines are drawn. In each plate, unless otherwise noted, the space within 
the border lines is divided into as manj' equal leclangles as there are problems, and 
each ligure is located synmietrically with respect to the sides of its own rectangle. It 
is evident that such a method of arrangement would avail little had not each figure 
been previously designed to fit into its assigned place. In some cases it lias been 
thought desirable to locate the figure exactly, the distances of some starting-point from 
two sides of the rectangle being given at the end of the printed problem. (See page 3.) 

26. Rapid Drafting:. — {a) A rapid draftsman is not onl^r quick 
with his instruments, Ijut he also uses the best methods and does 
things in the most economical order. He builds up a figure intelli- 
o-entlv, looking ahead as far as possible. The skeleton outline, or 
"limiting lines," are drawn tii'st, tiie details last. Zilc ajic rat ions nrr 
(/rovped. All lines which can lie drawn with one position of tlie 
T-square or triangles are finished before commencing another set of 
lines. When the scale is in hand, all necessary measurements which 
can be made at that time are laid off. 

(b) All arcs or circles which can be described with a single setting 
of the compasses are drawn Ijefore changing that setting. Unneces- 
sary pencil lines are left out — the fewer construction lines, as a rule, 
the better. One can save time by knowing what to slight and what 
not to slight. The same care is not necessaiy for all classes of woi'k 
nor for all operations on the same drawing. This is especially true 
of the preliminary work in pencil, as is more fully stated in Art. 27. 
Many similar hints for rapid drafting could be given, but the above 
should suffice to start the beginner on the right track. 

{c) It may be hardly necessary to add thtit steady rather than hasty 



work is to be desired. Undue haste on the ])urt of the beginin.'r usu- 
ally means failure nujre or less com])lete. The mcjst skilful draftsmen 
are obliged to be ctirefnl //()//• they hui'iy. 

27. Pencilling. — [o) Di-iwings ;tre usually made in pencil and 
then inked in. In working ilrawings, instettd of inking tlje pencil 
lines a trticing of thent is usutilly niatle. (See Arts. 4o and I4-S.) 
Uencil clettrly but lightly. A IIIIHII pencil may be used if the 
draAving is to be tracetl without previous inking, othei'wise use a 
Illlimini pencil. 

(li) Cdrc Khonld he tal'en to draw accuratel ij in pcitcd . The ])encil 
lines shotild be true guides for the inking-pen. It is tlie common ex- 
])erieiice tluit the accuracy of a di'awing is seklom improved upon in 
the inking in. Thus, for extimple, when parallel lines should be \" 
apai't, as in Prob. I, Plate I., if they are not exactly \" apart in ])cncil 
they are not apt to liecome so when inked in. On the other hand, it 
is not necessaiy to stop each pencil line at exactly tlie riglit place. 
The same care is necessaiy in making the ink lines stop wliere they 
should, whether the pencil lines do or not. It saves time, therefore, 
and in some cases makes the intersections and corners more delinite 
to let the pencil lines overrun sVujhthj, the projecting ends being- 
erased aftd' till? vdiole diunriiitj lias heen inl'ed tri. Lilcewise in draw- 
ing a pencil line along which a given distance is to be laid off, make 
it a little longer th;m necessary and then mark off the required dis- 
tance, leaving the ends to be ei'ased later. 

It is often unnecessary to draw a line from end to end, es]iecially 
if it is a construction line. For example, in drawing two diagonals to 
find the centre of a rectangle, draw an inch or less of one line near the 
centre, and siin|ily crtiss it with the other. Many similar cases occur 
in all construction work, where time would be wasted and unneces- 
sary erasing caused by drtiwing entire lines. 

28. Inking. — (</) As a rule, do not commence to ink a drawing 
until it is finished in jiencil. The width of line to be used varies with 
the size of the drawing — the larger and more ojieu the drawing the 
coarser the lines may be. Lines should not, however, be so coarse as 
to make the dra,wing seem crude, nor so fine as to mak'e it indistinct. 



32 



AN INTRODUCTOEY COURSE IN MECHANICAL DRAWING 



Lines of medium width are best suited for open plain figures, lilce 
tliose in the ph\tes of this course. It is always well to test a pen after 
settino' its nibs to see if the line is rioht, but this should not be done 
on the sheet itself nor on the drawing-board. A separate piece of paper 
should be kept at hand for this purpose. 

Qj) It is sometimes necessar}^ to ink in a line of unusual width, 
as, for example, a heav}^ border. The safest "way of doing this is to 
draw several parallel lines of medium width, about their own thick- 
ness apart, and fill in between with another set of parallel lines when 
the first are dry. Another and more common metliod of inking 
such a line is to draw the two outside edges and fill in between 
with a brush or with heavy lines from the inking -pen. In very 
wide lines this too often results in leaving a large quantit}' of ink, 
which warps the paper and takes a long time to dry. 

29. Erasing. — (a) It is well to avoid erasing pencil lines until 
the drawing is nearly finished. Many draftsmen prefer to leave the 
erasing- until after the drawing is inked. If the eraser must be 
used, as, for example, to correct the pencil drawing, the surface of the 
paper should be brushed deem again before anything else is done. If 
the eraser does not of itself wear off fast enough to keep clean, rub it 
occasionally upon the drawing-board, allowing some particular spot on 
the wood to be worn clean and remain so for this purpose. In ei'asing 
after the dra-^ving has been inked, avoid rubbing across ink lines, but 
erase in Jjettvcen, otherwise the lines are aj)t to become dimmed or 
blurred if not thoroughly dry. Much erasing with the pencil-rubber 
will deaden any ink line, destroying the sharji, black effect. 

(h) To make corrections on inked drawings, use a hard rubber ink- 
eraser. Do not press too heavily on the paper, as no time is saved in 
this Avay, and it injures the surface for further inking. For the same 
reason lines should seldom be scratched out with a knife. An excep- 
tion occurs when a "dashed" line has been inked in full by mistake. 
A full line is easily made " dashed" by taking out sliort portions of it 
at regular intervals with a crosswise motion of the knife-point and 
smoothing over the l)reaks with a pencil-eraser. The surface of large 
blots may be removed with a knife before the eraser is ajiplied. If 



the surface of the paper is injured in erasing, rub briskly with a clean 
hard substance (ivory is good) until the paper becomes "polished" 
and ready for the ink. 

(e) When it is desired to erase a portion of a drawing and leave 
adjacent portions untouched, cover the part not to be erased with a 
triangle. The erasing can then be carried clear to the latter's edge, 
but no farther. Thus, b\' shifting the triangle, as much or as little of 
tlie drawing as desired can be erased. A flat piece of celluloid, with 
a straight narrow slit in it, is useful in erasing portions of lines, the 
rubber being applied through the slit. A sponge rubber or crumbs of 
wheat-bread can be used to clean the drawing -when finished. 

30. Laying off Measurements. — (a) In laying off several suc- 
cessive distances (ju a line, set the scale once for all and then do not 
move it. For example, suppose it is required to lay off five successive 
spaces, |-", -Ij", -|-", 1", and H" long respective!}'. Place the edge of 
the scale along the line with its zero point at the starting-point. The 
spaces -would then be marked off opposite the ^", |". 1-V'. 2|", and 3|" 
divisions of the scale. In this way the last division (3|") equals the 
sum of all the spaces. A wrong method is that in which the zero 
point of the scale is moved up each time to the end of a space to lay 
off the next space. Thus an error in a single space affects all succeed- 
ing spaces as well, and an opportunity for errors to accumulate is 
thereby afforded. This is not true of the first method. 

(I) In very accurate work, a needle set in a wooden handle is use- 
ful for marking distances. Ver;/ small prick-marks are made, which 
are easily kept track of if small, free-hand pencil circles are drawn 
around them. 

(r) Many times measurements, having once been laid off, can be 
projected on to other lines by means of the T-square or triangles. It 
may be also noted that the eye can become so trained that small dis- 
tances can be estimated with surprising accuracy. Thus, in certain 
classes of work, much tedious use of the scale is avoided. 

{<]) In order that the diameter of a circle may be exactlv riiilit, 
mark off its radius on a straight line each side of a ]-)oint, and open 
the compasses until the circumference of the circle passes tln-ough the 
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extreme points. This is butter tluin to take the i-adius (lirectl_y from 
the scale, although the latter method is sirtticiently accurate for ordi- 
nary work. 

(' ) Do not lay otf distances witli the coui]iasses or dividers wiien 
tlie scale can be used. 

(/') Time and annoyance will be saved in the end if tlie drafts- 
man will form the hal)it of frequently checking his measurements. 
Simple inspection witli the eve alone will usually tletect large errors, 
and it is wise to look occasionallv at the drawing us u ir/mle. For 
small erroi's, appl\f the scale a second time wherever there is the least 
doubt of accuracy. Many other ways of applying checks will occur 
to one as the work progresses. 

31. Use of the Triangles. — The beginner is warned against 
trusting to the extreme corners of the triangles, as they soon bec(jme 
rounded. A common error is the attempt to use one triangle alone. 
For example, if a oO°, 45", <")(;)'. or perpendicular line is to be drawn to 
a horizontal line, it is wi-ong to make one edge of the triangle coincide 
with the given line and then draw the requii'ed line by means of an- 
other edge. In this case the T-square should l)e in a horizontal posi- 
tion a little below the given line, and the triangle is held against it. 
Thus a triangle is almost always used against the T-square or another 
ti'iangle. exce|)t in inking. 

32. Line Notation. — Custom differs in resjiect to line notation. 
In addition to the ordinary full lines, the following ink lines will be 
used in this coui'se : 

{(t) Inv/Ntb/f /iiu'.s of an object, such as rear edges, are represented 
bv dashes from -,',/' to -Jr" long ; the spaces between should be as ■•^/lorf 
a.s' jio.ssihie and still have the dashes distinct from each other. The 
thickness of line is the same as for ordinary fidl lines. 

(/;) Construction lines and proji'ctitxj Jims ai'e lighter and more 
delicate than "invisible lines," consisting of little dashes as sjiort -.md 
■tine as can well be made. The object sought is to make the drawing 
itself stand out boldly, while the construction lines seem in the back- 
ground. 

(c) The a.vis of a f (jure should be inked in with a short and a long 
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dash alternating; the long dash shouhl be a little more than J" long, 
the short dasli a little less than y\.-" long. 

(il) The trace af a plane is re]}resented liy a dash and a dot alter- 
nating ; the dash should be about J-" long. AV^hen the trace is invisible 
there are two dots between the dashes. 

Care should be taken in drawing tlie above lines to secure an even 
appearance by making the spaces eenj short and the dashes of uniform 
length. Nothing tends to give a more finished appearance to a draw- 
ing than well-di'awn "invisible'' and " constracti(m " lines. When 
too hastily drawn they can seriously mar an otherwise excellent 
tlrawing. 

33. Lettering the Drawing. — Letters and jirinted woi-ds on a 
drawing should in general be either horizontal or vei'tical, being read 
from left to right and from the bottom up respectively. They siiould 
be jninted in tlie ojien spaces in such a way as not to obscure the 
drawing. 

Free-hand lettering is done with an c)rdinary writing-pen. For 
heavy letters a Ijall - pointed pen is used. Every draftsman should 
learn to letter well. The ajipeai'aiiee of a good drawing can be spoiled 
by poor h'tteriiig. (bjod ]ett(n'ing consists of plain, even, clear-cut 
letters, well propoi'tiimed, well s[)aced, and (juickly made. 

The l)eginner will do well to draw ]iencil guide-lines for letters 
and worths. If the letters are made small and close tuijether, it will be 
easier to space them propei-ly. Most letters ai'e not printed with a, 
continuous stroke, as in wiiting. In forming each letter much ile- 
pends on the numbin- of strokes, the order or sequence of strokes, and 
the direction in which the [len is moved, instructions for which are 
admirably given in "Lettering for Dral'tsnien, Engineers, and Stu- 
dents: a Practical System of Free-hand Lettering for Working 
Drawings," by (Jhai'les W. Ileinhardt. If the stu<lent will get this 
book and carefully follow its directions, he can hardlv help ac(piii'ino', 
with a reasonable amount of practice, a neat, legilde stvle of free- 
hand lettering. 

The greatest pi'ccision in lettering (es]iecially if the letters are 
large") is only attained by the use of the di-awing instruments, and 
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Avhen the results warrant the extra time expended, draftsmen resort 
to this method. Letters made in this way sliould be well propor- 
tioned and well spaced. A text-ljook on " Plain Lettering," by Trof. 
II. S. Jacoby, is a very com})lete treatise on the accui'ate pi'ojiortion- 
ing and spacing of letters. The Roman, (xothic, and other standard 
letters required l)y di'aftsmen are treated in tletail, and numerous 
examples of titles and printed notes given. 

34. The Use of Colored Inks. — The use of colored inks is onl}' 
desirable when it makes the drawing more easily understood. Aside 
from black, red is the color most commonly used. Construction lines 
and "dimension lines" (see Art. 149) are sometimes inked in red. 
Non-essential or subsidiai-y parts of a drawing, introduced for the 
purpose of making the main drawing clearer, can be kept in the back- 
ground by using red ink, especially when a tracing (see Arts. 43 and 
148) is made. Thus, when two parts of an object fit together, and 
one part has already been made or provided for; in a drawing of the 
second part, the first, which ordinarily would not appear at all, is 
sometimes drawn in red ink to better show the connection. In 
maps and profiles, p)roposed lay-outs and grades are usuall}' drawn in 
red to distinguish the new from the old. 

35. To Mix India-ink. — For fine work it is safer for the drafts- 
man to prepare his own ink from Chinese stick-ink. This is done as 
follows : Place as much water in the saucer as will suffice for the 
amount of ink re(|aired. Rub the end of the stick on the bottom of 
the saucer witli a rotary motion until tlie mixture is of the desired 
density. Tlie liquid will appear black before it I'eally is; to get it 
just right, test it in tlje inking-pen. It should flow readily, diy quick- 
ly, and the resulting line should be jet black, and not easily erased or 
blurred when dry. If the line fades as it dries, add more ink to the 
mixture from the stick. Tf it kiclcs the other desii'cd ])roperties, try 
anotlier make of ink. Cliinese inks vary in quality, l)ut it does not 
follow that the most expensive kinds are the Ijest. Try different 
sticks until one is found whicli is satisl'actorv. AVipe tliis dry after 
using to prevent it from cruml)ling, and it will last for a long time. 
The following precautions sliould be observed : Clean the saucer be- 



fore using. Avoid dust or undissolved particles of ink in the mixture 
— they clog the pen. Keep the mixture covered when not in use. Do 
not use ink more than two or three days old, but mix a fresh supply. 
Do not tiy to use ink which has dried in the saucer. 

Colored inks may be prepared from artists" water-color cakes in a 
similar manner. 

36. Shade Lines. — (a) Edges of an object whicli lie between 
light and dark surfaces are often represented by lines about twice as 
wide as other lines. Such lines are called shade lines. They are fre- 
quently omitted, especially in working drawings. They add, however, 
to the appearance of a drawing, and when properly constructed are of 
value in understanding or reading it. Directions for their use (which 
differs in different kinds of drawing) will be found in Arts. 53, 128. 

(Jj) In shading a circle only part of the circumference is made 
heavy, the line gradually decreasing each way until it merges into the 
original width. To produce this effect, first draw the circle with the 
ordinary width ink line. Imagine a line drawn through the centre of 
the circle to that point of the circumference where the greatest widtli 
of line is desiretl. Shift the needle-])oint a veri/ little from the centre 
along this line either towards t>r away from the point on the cii'cum- 
ference, according as it is desired to have the extra thickness fall out- 
side or inside the original line. An arc can now be drawn whicli \x\\\ 
start from the original circumference, deviate farthest from it at the 
desired point, and come Ijack to it again in such a way that it cannot 
be seen where it begins or stops. It requires some care to ])revent the 
needle-point from slipping fiack into the original centre. The settino- 
of the compasses should not \>q changed from that used in drawing 
the original circle. 

((■) A second method (which is not recommended to beginners 
unless used with great care) is to keep the same centre and Kj^irimi 
the compasses by pressure of the hand, making the point of the pen 
gradually deviate from the circle and return again, thus givinc- the 
increased thickness of line on jiart of the circle. This is a quick meth- 
od and satisfactory in the hands of an experienced person. 

37. Line Shading. — Parts of a drawing representing curved 
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surfat-es are SDinotiiiies sIkuIimI liv iiu'aus nf parallrl lines (>f (liUVaciit meet, the section lines in one slioiikl s](.)pe in the opposite direction 

Avitlths and distances apart, so di-awii as li> pfi'diice a vai'iation of from tbost' in the otlief. t^ection lines shi_)nld be much liner than the 

shade correspond iiii;- as nearly as possible to that on material ohje^ts. ordinar\' lines, hence ink slightly thinned best serves the inir]iose. It 

This eU'ect is ohiaiiied bv n'radiially increasinu,- the width of lines, at. is better to lea\e small open spaces for letters and figures thau to 

the same time diminishing- the distance apart, or vice versa. This render tliem obscure l>y tlrawing' section lines over tliem. 
kind of shadiiii; does not liave the sol't and linislied appearance oli- ]\[anv "se^'tioii liners" desiuiied for drawing parallel bnes are to 

tained b\- some of the other methods, fnit it is useful in many cases. fie had. Some of these are very useful, Ijut a draftsman should be 

In ]n'actisiiig Uv oneself much help may be derived fixnn the many able to seetiondine nicely without them. Drawing section lines for 

excellent advertising cuts whicli appear in the engineering pa[iers and any length of time is trying to the eyes. In such a case, or where 

periodicals. considerable accuracy is requiretl, it is better to use a section -liner. 

Line shading can be executeil with coni})arative ease on cylindrical The "Sphinx," an inexpensive sectionTiner made by Weber A.' Co., 

surfaces, but is ver\' difficult on cones and sjilu-res. It will be found a niiladel|ihia, is recommeiuled. 

thorough test of the ruling-pen, because it requires all wulths (.)f lines As in the case of line shading, excellent examjiles of section lining 

down to the verv finest, and anv ragged or irrt^gular edges \\ill be are to be bumd in cuts of machinery in engineering ]ia})ers. 
brought into sur]irising prominence. For exami)les of line shading, 40. Tinting. — om Tints are chiefly used in nia]i-work, where flat 

see IMate 111.. ]>ai;e fOa. tints (.)f dilferent colors are laid on to distinguish the difl'erent por- 

38. Parallel-line Shadows. — Shadows on difl'erent parts of an tions of the ma]i. Colors are also emiiloved in working drawings to 
object are sometimes represented by parallel lines similar to section represent dilferent matei'ials. "When it is desired to represent a shad(.)w 
lilies — the darktu' the shadow, the closer together the lines. Hy a cast liy an object, or to slaule the drawing of the object itself, gray 
judici(His use of such lines, especially in isometric, cabinet, ami jier- tints made of India-ink are used. 

spective drawings, the object may be made to " stand out," ami the {h) For colored tints, cakes of water-colors jirepared for the use of 

eft'ect will be more satisfactorv than that produced by a simple outline artists are best. To mix either the colored or the gray tints, proceed 

<lra Willi;-. in exactiv the way described in Art. 3.3, but make the mixture much 

39. Section Lines. — When an object is cut in two by an imag- less flense, rufibing the stick on the end of the finger frequently dipped 
inarv plane (see Art. 'Joi. that part o( the drawing representing the in wafer, instead of on the bottom of the saucer. Tints for shadows 
iiortioii of the object cut is cross-lined \vith parallel lines calknl .y rfion should be light gr^iy, not blade. When a very tlark tint is required, 
//;/'.>.'. These lines are nsuallv 4."i' lines in one direction or the other, it is better to put on several successive layers of a lighter shade, wait- 
tlrawn about b ' to i apart. The larger the section the farther a]iart ing each time for the preceding one to dry, than to attempt a single 
the lines, and the birther ai^art the lines the easier it is to secure a dark tint at lirst. 

uniform appearance. The distances apart are made equal by the eye o-i The surface to be tinted must be clean. All pencil lines within 

alone, not hv actual measiiriMueut. The tendeiu-y on the [lart of a the boundary shoukl fie avoided; if drawn ami not erased, tliey can 

beu'inner is to make the lines too near together and the spaces un- f)e seen through the tint : if they are erased, the surface of the paper 

etuial. The lines are not to be lirst drawn in jiencil : even if the draw- is injured and a smooth, even wash cannot fie laid on. It is "well to 

ino- is to be traced, better results will be secured by drawing the tint before inking. If the drawing is inked first, water-proof ink ninst 

section lines cuice onlv. ami then in ink. When two difi'erent ]>ieces be used. In shadow-drawing.'/-' not inli in t/o^ mit] inc of iJn: slnuhjio. 
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AN INTRODUCTORY COURSE IN MECHANICAL DRAWING 



(iJ) The rear of the board should be elevated a little so that the 
surface may be sloping. If the top of the drawing-table cannot be 
inclined, block up the board. The brush used is described in Art. 2. 
Take the tint from the suvftwe with the side of the brush to avoitl 
specks of ink in the bottom of the saucer. Small particles of ink 
transferred to the paper will dissolve and leave small blots. Apply 
the brush moderately full of the tint to the upper left-hand corner 
of the outline and draw towards the right. This will leave a small 
"pool" of tint, wliicii must be worked down the paper, moving the 
brush across from side to side. This pool should almost, Ijut not quite, 
run down tiie paper of itself. It must be kept full by additions from 
time to time with the brush. The tint munt not Ije painted on. The 
secret of success is to coax the tint down the paper, keeping it moving 
all the time, and not allowing it to stand in one place longer than in 
another. In laying on the same ^vash, do not go over a place twice 
to "touch it up"; it will usually make it worse. The whole opera- 
tion must be done rapidly ; it is better to let tlie brush overrun a little 
OUTSIDE the outline than to spend too much time on the edges, allow- 
ing the interior of the tinted space to dry and become streaked. The 
tint outside the boundary line can be removed 'when thorongJdy dnj 
by covering the portion not to be erased with a triangle (or curved 
ruler, if the outline is curved), and using a pencil-eraser. 

(e) When the "pool" reaches the bottom of the outline, squeeze 
the brush comparatively dry — it will then take up the surplus tint 
like a sponge. The whole surface should now have a uniform flat 
tint. Better results are usually' obtained if the surface is previously 
gone over ^vith clean wate)-, precisely as in tinting. When the sur- 
face, held towards the light, ceases to glisten, the tint can be laid on a 
little more leisurely and carefuUv, because it is not so quickh' al5Sorl.)ed 
by the paper, and therefore dries more slowly. If the paper is too 
wet, the tint will run. 

41. Graduated Tints. — Curved surfaces are not shaded uniform- 
ly, as described in tlie last article, l)ut successive layers of tint are a])- 
plied, each covering a wider area than tlie preceding. Thus, to shade 
a cylinder, lay a narrow strip of tint along the element of darkest 



shade. When dry, apply a second strip a little wider than the first, 
and so on. If these successive layers overlap each other uniformly, a 






Fig. 13 

fairly good effect is produced. But this method will always sliow 
streaks where the different coatings overlap. To make a perfectlv 
continuous gradation, it is necessary to soften or draw out the etlge ot 
each strip while it is still wet, using clean water in the brush. A 
double-ended brush will be found convenient for this ])rocess, one end 
for tint and the other for water. This work must be done quicklv, 
for the edges cannot be softened after they have begun to dry. 

Brush-shading recpnres great care and dexterity, and considerable 
practice is necessary to do it well. 

42. Blue-print Process. — It is evident that in many cases more 
than one copy of a drawing is required, especially if it is a workino- 
drawing. Tlie blue -print copying process, used almost exclusively, 
may be briefly described as follows: The original drawing is traced 
on transparent cloth or paper prepared for that purpose. Paper sen- 
sitive to light is also required. This pa})er is ])repared by covering 
one side of a clean white sheet of ordinary tough, smooth paper wWh 



\\(.)KKi.\(; kx(.»\\le]h;j-: 



37 



a chemical wash, and drying it in a darlv I'ooni. If tho preparetl j)a|ier 
is washtnl before being exposed to the hght, the water will remove 
the chemicals, and tlie |)aper will be as wliite as it originally was ; but 
if exposed antl then waslietl it will become a permanent l)lue. If the 
tracing is laid over the ])a,])er when exjioseil, the light cannot pen- 
eti'ate the inlc, and that part of the pa|ier directly beneath the lines 
will remain unturned. If the prepared ]iaper is tlien washed, a. wliite 
drawing on a Idue background will result. It is evident that any de- 
sired number of prints can bo made from the same tracing. 

The jirints are usually taken in a printing-frame, wdiich has some 
device for holding the tracing and the sensitive paper fiat and smooth 
against a glass front. The side of the tracing-cloth or tracing-paper 
upon which the ilrawing has been made is placed next to tin' glass, 
and the chemically ]n'epared sitle of the process ])aiier is next to the 
tracing. 

43. Tracings. — Tracing-cloth of different widths can be had by 
the yard or roll. One side of the cloth is smooth and glazed, the 
other rcjugii and dull. The drawing can l)e nKule on either side. Ink 
lines can be best erased from the glazed side — a, point in its hivor. 
Bine-prints will also Ije slightly clearei' if the sun^xith side is used. 
Sometimes the drawing is made directly on the tracing-cloih, and 
thei^ the dull side is preferalile, because |)encil lines are more easily 
dra\vn t.)n it. 

After completing a drawing in pencil in the usual \vay, pin the 
tracing-linen over it — the lines nnderneath will be plainly visible if 
thev are moderately heavy — and ink on the transparent cloth. The 
latter should be stretched flat and smooth. Before beginning to 
ink, sprinkle the surface with powdered chalk ami rub gently with a 
soft clotii. This is necessary to make tlie tracing-cloth take the iidc. 
especialjv when working on the glazed side. S]iecially pre]iared chalk 
in a box with perforated cover is the most convenient form for use. 
A s/ii/rj> inking -pen is required for tracing — it is more important 
than ever that the pen should be just right. 

Tracing-cloth is very susceptilde to nn>isture, and if left on the 
board several davs is liable to become ruffled and uneven by its ex- 



pansion. jVll important lines should therefore be traced the same 
(lay, if ])ossible. As a further ])recaution, tear oil' a strip about half 
an inch wide from each of the two edges of the clotli before piiming 
it down. 

lidc diles more slowly on ti'acing-cloth than on ordinary paper, 
and car(.^ must l>e taken to avoid blotting the moist lines, if the 
cloth is of ])oor ijuality, the ink is liable to strike through and s])read ; 
such (iiilli is useless for ti'acing. Ked ink" does not ]irint well, but is 
used to some extent foi' dinie'usitjn lines or other portions of a draw- 
ing which it is desiralde to rendei' less promintnit. 

Lines, letters, and iigui'es should be made la.'avier on tracing-cloth 
than on an ordinary drawing, in order that the blue-pi'int may be 
clear. It is not unusuaJ t(.) iind a Ijeginner carefully putting on almost 
mici'oscopic ligures with a, cro\v-(|uill ]ien. Such line work practicallv 
disa]i])ears (ju the bluc-])rint. higui'cs, above everything else, should 
be bold and clear, since tlicy cannot be guessed at. 

Erasing should Ije done very carefully with a ,^/un'j> knife and hard 
r'ubljer ; too much erasing weai's a hole through the cloth. Aftei' 
erasine-, the smooth surface must l)e restored before inkine- bv I'ubbinir 
with soapstone. PowderiMl pumice applied with the tip of the linger 
will I'eiiiijve ink from tracing- cloth without destroving the surface. 
If a liad nnstake is made, it is sometimes pussible to cut out a ]iiir- 
tion of the clutli and insert a new ])iece in its place, gluing the 
corners or edges. This can be done very neatly. 

Tracing- payier is often used, and is very satisfactor\', thong!) 
less durable than cloth. Water-pro(jf iidc is Ijcst for drawing (jn 
either. 

44. Blue Process Paper. — Prepared paper for lilue-iu'ints can 
be purchasetl in rolls of different wi<lths at such a low price and of 
such excellent quality that it haixlly ](ays to prepare it lor oneself, 
unless a large quantity of it is required. If it is desirable, however, 
to make it, the chemicals may l)e used in the following |iro]X)rtions : 

1 oz. red prussiate of potash in o oz. water. 

1 oz. citrate of iron and aniniouia in ■'> oz. water. 
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At time of use, mix and apply with soft sponge or Ijroad, tliin briisii 
to one side of hard white paper. Keep tlie prepared paper in a dr\', 
dark place until wanted for use ; it must be fresh to get the best re- 
sults ; with old paper the lines will be gray instead of white. The 
proportions of the chemicals in the blue-print mixture may be varied 
considerably without any effect, except to change the time required 
to print. 

In a bright, hot sun, from three to six minutes' exposure, according 
to the quality of the ])aper, should give a good copy. After ))rinting, 
wash thoroughly in a sink of running water, letting each slieet remain 
in the bath a short time, if convenient. When it is required to make 
corrections or additions to a blue-print, a special preparation must be 
used to make white lines, and a solution of quickdime and water, well 
shaken up, will be found satisfactory. To obliterate white lines or 
figures, go over them with a blue pencil. 

45. Miscellaneous Geometrical Constructions. — (a) To Plot 
a Given A/u/le; Let it be required to draw a line <i<\ making an angle 
of x° with ab (Fig. li). On db lay off any distance, as a//. At J erect 

a perpendicular, de, equal in length to 
a(/xtan. ,v. Tlirough e draw the line ur. 

If the angle x is greater than 45°, ]ilot 
x — [)0° with the line (//, using tlje same 
metliod. If the angle x is so large that 
the line tic is in^ one of the other three 
quadrants, plot the angle which ac makes 
witli the nearest line (horizontal or verti- 
cal, as the case may he) through a. 

(b) To iJmw a FaUe EUijise: When 
the difference between the major and 
minor axes of an ellipse is smrdl, a, close approximation to a true 
ellipse can be drawn with the compasses, describing four arcs, as fol- 
lows : 

(Fig. 1.5.) The distance from the centre of the ellipse to c is equal 
to the difference between the major and minor axes — i.e., aa — ll. 
The distance from the centre of the ellipse to </ is equal to three- 
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fourths of aa — bh. c, c, o' , and c' will be the centres of the four arcs, 

each arc ending in the points n, as indicated in the figure. 

In ellipses too narrow for this method, 
find points on the ellipse by the method 
given in the next article; draw end arcs 
and iniddle arcs as far as they can be 
drawn without deviating from the e]li])se. 
(The centres of these arcs will be on the 
axes, and are found by trial.) Complete 
the eUipse bj' joining the arcs with the 
curve-ruler. 

(c) To Fhiil Points on 'a True EUiji-ie: 

Ti'mantel Method. — On a straight-edge (a calling-card will answer the 

purpose) mark off ed and ec, equal respectively to the semi -minor 

antl semi-maj(jr axes of the ellipse. Move 

the straight-edge, keeping d on the major 

and e on the minor axis. Tlie point c will 

move in an ellipse. A series of points can 

thus be obtained, tlirough which tlie ellipse 

can be drawn with the curve-ruler or by o 

an}^ other method. 

(d) To (Jonstnict a. Paraljola : Let it be 

required to draw a parabola through the 

three points, a, b, and o (Fig. 17). Draw cd and bd 






b 



ac^- 






-oa 



o i,'Jo° 

b 

Fig. 16 



any number of equal pai'ts, 1,. 2, 



Divide bd into 
etc. Divide ed into the same 
number of equal parts, 1', 2', 
3', etc. Draw lines from c to 
1, 2, and 3. Intersect the line 
to 1 by a perpendicular from 
1', the line to 2 by a perpen- 
dicular from 2', and so on. 
Through the points tims ob- 
tained, draw half the parabola 
with the curve -ruler. Com- 
plete the other half by the same method. 
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((') To Construct a IhjperhiJd : First Method. — In the left -hand through r, as ijh.ij and // being on the hnes rh and ttl, I'espectively 
bvaucli (Fig. IS 
s\iiiinetrical witl 



let the curve pass through any ]Kjint, as i\ and be 
respect to the two lines ah and J><\ Draw any line 




Lay otf Ji.i' = (je and ,<■ will l_)e ou the hyperhola. Jly drawing several 
lines througii e, and laying olf on each tlie distance IVoni <: to the near- 
est end of tlie line liackwartls from the otlier end, a series of ])oints 
will be olitained through which the curve may be drawn 'with the 
curve-ruler. 

iSi'coiuI Miiliixt. — In the right-hand branch (Fig. IS) /'corresjionds 
toe of the left hand l)ranch. Through/draw the horizontal line/"/' 
and the vertical line/7. < >u/7' marlc otf points 1. 2, o, any convenient 
distance a|)art. Draw lines from h to 1, 2, and 3, and where these 
lines cross the vertical line through /' draw horizontal lines. From 1 
drop a perpendicular to the npjier horizontal line, firmi li to the next 
lower line, and so (^n. Througii the ])oints thus oijtained draw half 
the curve, and complete the otlier half by a similar method, as indi- 
cated in the figure. 
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ISOltETPJC I'KiJ.TECTION AND CAEIXET PROJECTION 



46. A drawing in isometric projection or in cabinet ])rojection 
represents an object ajiin'dx-iiiuitrli/ as it ajipears to the eye. Tljese 
two projections are used as substitutes for true perspective to save 
time and labor. A drawing in perspective represents an object as it 
actuallij appears to tlie eye; Ijut in meclianical drawing tliis is not, 
as a rule, essential. An approximate outline in cabinet or isometric 
is more easily and quickly t-lrawn. and will usually answer everv pur- 
pose. 

JSiJMETPJC FEOJECTIoX 

47. P\'XDA3iEXTAL Pkixciples. — Isoiuctric ^lra^vlng is Itased on 
tlie following fundamental principles, as easily applied as tbe\- are 
rSmembered : 

(a) TJiere are tJa't-e lints coJJeiJ i^<iiii.i:ti'u a:iy:s (see Fig. 10 1. 77/' y 
are a 40° liiit in onr ih ruction, ix -iO' hut' ni the otlmr J irtiiiari, iinil o. 
vertical line. Thus these three lines, drawn from the same }ioint. 

form a Hat Y. 
-- ^ o . ''' 0->) The isonittric ii.rr.s ri present 

,-' linen ni lit iiiill ij iii_ inienil lenhtr to each, 

ejtlier. nnil lyi/'/'t-s^Kind to tin: tlii'ei: J i- 
n'leriSiOihs. liiK/tli. hreO.Jth. nml Ini(j]tt. 
A :«EASL"KEME.\T (JX THE l)l;A\\ IX(.. CAX 
(JXLY L!E LAID OFF PAKALLEL TiJ OXE 
OF THESE AXES. 
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Fig. 19 — Isometkic Axes 



-Mca.sui'ciiiL-iits ;ilong' a liorizont.'il line, for 
example, are not made in isometric drawing. 




Fig. 20 
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I i.i.rsTKATiDX : 111 V\^. i20 tln'ro aro six (liff(Meiit \'ic\vs of tlie same blni'lc. one shown in |-'ii_;-. i!:l. As this tiL;airi' iMiiimt Ijc insci'ilHMl in a I'cr'taiigli', draw 
In llio two uppor I inures 1,1 lo lirii^iit (II) is incasui'cil (.n a verlical line, I lie wiiltli any two cn-ni'iiinate axes, "/' ami nr. Tiieso a\es c'an tln-n 1m' liiaw n in isunieti'ii', 
( \\ ) and llic leii^tli (L) (in ;!()" lines. and eaeli liinitini;- juiiiit of l.lie lii;aire located by its cd-drdinale dislaiiees, as iiidi- 

[i-] III Fig. 'JO tlie three li^iires mi the riulit are siniiliu- to Ihr tlirrc on llie left. eated lo' the ei nistruetion lines ( l-'i^. l'M). 
Taking- the ligniX'S in pairs. IIlc iiiily dilVeiencc lielween Uvn whieli eiHres|)i)nd is ihat 
in line case the luiiijisl ItO" lines exlenil lo llii' hfl , widle in llie olhrr lliry extend 
to the ri'ilil. I'jilier nietliod is enrreel. Wlirn the Inigl h anil width of an ohjecl are 
dillVnail. two sneli views can lie drawn for eaeh of its three iio.sitioiis. tlie ilraflsmau 
ehoiisinu' Ihr our liest suited lo his iiuipose. 

(*/) 1 V/V/cic/ liiK'n ill 1li(' i>l>j<ii (I rr I'li-I lail hiux in thr il I'tlin iiij. 
I.I III X jiii mil, I ill till iilijict ii rc jxi fiilli I ill till il ni ii'i iiij. Iliijlit ii mjlis 
ill till i<h/i rt iirr iisinill 1/ I'iflirr (111" iij' IJD'''' in /In' ilni iriiu/ {sue l''io'. :.'( I). 

48. Non-rectangular Objects. —In di-awitig' I'lrtanijiilni' (drjocts, 

tho apiillcatioll <.r llu- rmv-oini^ pnile'i|dos is oasy. Xmi-n rtn mniJ ,i !■ In.gnlar solids ean lie ilrawn in a similar maim, a- by te^ing a third axis and a third 

iilijoids arc also easily ill'awn in iscilllolric ; but it tak'OS llUH'e tiineg and ordinate. The three eo-onlinaie ;ixes will eorivspoml lo till' iMiinetric axes. 
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iMir 'il 



the re'siilts as a. nilc are 

less salisraediiry. The 

ruethial is evident frnm 

.V. the roUowing oxain- 

''<o ]iles: 

(e) First Miltioil.— 
iLLlSTliATlOX : Let il lie 
i'e(|uir(.al to di'.aw ,an iso- 
iiietrie liex.agon. hirst 
ilr.aw ,a triio ln'X.agon of the rei|iiired size (I'^ig. '_'!). ] 'raw ;i rertangle siieli lli.at 
eaeh of the six ;i[iiers of liie lu'X.agoii will he in a side of the ri'el.angle. 1 h'.aw 
this eiinstnietion reel.angle in isoiiietrie, and measure .along its sides to loe.ate Ihe 
;i[iii'es of I ill' isKiiiil r'li- liex.agou, ,as iudieated in the tigure on the riglit (hig. -1). 

(h) Any lion - reelangidar plane 
ligure wliirli e.iu be inscrilird in a -'""-^ 

reetanuir can be drawn in isoinelrie 5_ 6 

in a siiuiLir in.auiier. Any noii-i-re- 
lan^ulai" solid wliieli can l>i.' iiisia'ibed 
in a rcelangnlar bloek can be drawn 
in isomrlrie by a method similar to 
thai indicated in Fii;'. L^O, 

(,•) ,SVeo;/,/ dA7//o,/. — Let it 
he re(|uiiaal to ilr.aw any irregnlar 
jilane ligiiri', as, for exaiuide, the 
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((/) Till' hrxagoii (Fig. ill and Ihe irrrgnlai' ligiirr iFig 'i'i] leave each bern drawn 
in a Ihirir.iiiiliil plane. To liiaw lliriii in a vei'tiral jilaiie, Ihe rectauglo in the liist ease 
anil Ihe eo ordiiiale a.xrs in (he seeiuid case should be drawn in the jihine of a n rtieid 
and a tiui-ir.nhliil isometrie axis, instead of in the plane of two horizontal isometric axes. 

49. Isometric Scale. — An iseniK.dric projection of an oLjeet, if 
(li'a.wii to full scale, makes the ohjeet seem lafo-rr than it really is. To 
(itl'std this, an '•isometric scale" is sometimes used. Such a scale can 
lie constiaicted as lollows : Lay otf true iiudies on a, 4."i° line and drop 
vertical lines; these intercejit isoniedric inches on a ot.'- line. The 
inch nia\' lie siihdivided in a simihir way into 
as iiian\' [latds as are iieccsstiry (Fig. l!d|. If 
tin" isometric scale be transferrial tr) the edge 
of a strip ed' earddaiard it ctlll be nseal lilvc an 
ordinary scale. 

50. ' lUeLKS IN Iso.METlOl' I'l; 0,1 E CTI O X. To 

eonstruet a circle ill the tljiper face of the eula' 
(dr.awn to isometrie scale) of Fig. 25. Ih'aw the diag- 
onals and the isometrie lines //', in. Tlie seiiii-major f.i<f'- \ 
.axis III- (ciiual to the true diameter of the inseriheal 
eirch') can he measured eijiially on e.aidi side of e, with 
///,' riiinliir .si'iiir nf'i inliis. ( )r it can he found gr,a|iliically hv dropping a perpetl- 
dieul.ar from c upon ,a ib° line tlirough (/,' lu-^m- is the semi-major axis. ddie 
ends eif the minor axis »;, ii are found by drawing through a lines parallel to the 
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AX IXTRODUi'TORY COUUSE IN MPXHAXICAL 1>RA^\'I^■G 




Fig. 25 



sides of the cul)e. The axes and four tang-ent 
points being known, tlie ellipse can be drawn 
by circular arcs and curve-ruler, or b_v any other 
method. 

If the cuVie is drawn to regular scale, the major 
axis of llie ellipse will be longer than the actual 
diameter of tlje inscribed circle. Tlie other direc- 
tions will remain true. The major axis can always 
be found by tlie eoustrueliou of Fig. 25 given above. 
51. Isometric Circle. — A simpler waj' 
of drawing an isometric circle than tliat given 
in the jireceding article is to find circular arcs 
to the ellipse without getting the axes at all. 
In Fig. 26 the ellipse is drawn from the four 
centres c, c', k, k'. To get centre k, lay off 

hk^hm. To get centre c, lay off ctn =«/./ = to a side of the circumscribed square. 

This method applies to the use of any scale and is a close approximation. The 

ellipse is not exactly tangent to the sides at ?«, 

but the error is not perceptible. 

52. Irregul.\r CuRyE. — The method of 

drawing an irregular curve is illustrated in 

Fig. 27. The left-hand figure is the true 

shape of the upper and lower faces of a block. 

The right-hand figure is the isometric draw- 
ing of the same block, and the corresponding 

ordinates are markcil with the same numbers, 

1, S, 3, Jf, 5. This method can be ajiplied to a curve in space by using another 

ordinate. 






53. Sn.\Dows IX Isometric. — The method of drawing shadows in isometric 
is illustrated in Fig. 28. The rays of light are 4.5"" lines. The shadow in this 
case is on a horizontal plane through 
the base of the cross. To find shadow 
of the point a, draw a 4.5"" degree line 
through the point and drop a perpen- 
dicular to Cf'. The intersection of the 
45"" line through a, and a horizontal 
line through o', gives the required 
shadow as. Sluiilows of other points 
are found in a similar way. The 
work can often be shortened by re- 
membering that horizontal isometric 
lines have for their shadows lines 
piarallel to themselves. Thus cm cs is 
parallel to the corres[)onding isometric 
line ac Shade lines representing edges, which cast shadows (see Ait. .36), can 
usually be determined by inspection. 

For otiier examples of shade lines, see Fig, 20. 

CABINET PEO.TECTIdN 

54. ii-i) Cabinet projection is somewhat like isometric projection. 
The caljinet axes, however, are: A horizontal line, a vertical line, and 
a -i.!)"" line (see Fig. 29). All measurements on tlie 

drawing must be laid off parallel to these axes. c / 

Me(i8iirei)i<;nU jviraJId to tln' Jpj° axis are luilf a-s h ^ 
long as tlie eorresponJ mij lines in the ohjert. Verti- 
cal or horizontal measurements are laid off to full 
scale. 

Illustration : In Fig. 30 there are six cabinet draw- 
ings of the same block in different positions. The dimen- 
sions of the block correspond to those of the block of Fig. 
20. An opportunity is thus given to compare isometric 
and cabinet projections. In the figures here given the 45° edges are marked 
their true length (L, II, or W, as the case may be), and not Imlf this length 
(k, -" or f ). They are drawn half length, however, according to the princijjle 
given in Art. 54 (n). 



Fig. 29 
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(''0. It will be set'ii fniin tlie 
tiuures that in rabiiR't as in isi>- 
iiu'tric projection llio ilraflsnian 
li:is a I'lioico between a letl aiul 
a ii<;'lit liauil view Tor any given 
jiosiiion oC a bioek. 

fan any aiMitnnial views of 
the b!,H-k (Fig. :U1) bi' drawn " 

55. Rviles for Cabi- 
net Projection. —Tln' Idl- 
lowiiig lules c'tin be' oive'ii 
for drawing in ciibine't pio- 
jee'tion : 

[,l) rUlr, one fitCi of 

ilo ohj, <i in, or pa roll 1 1 1o. 
till phnii ofiJujhijhr: this 
irill Jio fiil^ si~r. , xddl 1/ like 
th. t'oro itsolf. 

(ti) A// /i/li .V j'l /■/'• lo/ir- 

uliir to thi front for,' will 
ho .\~r lin.s. lollf tlo /( //;///( 
(>f I'or rf sj'otol no,' / / /li.s I'T t/o 
'oh),o1. 

(<■) To ilriiir a X(ix-i;i'e'- 

■rAN(U-i.Ai; 2'!'"" ,/''.'/'"''■ "'' 

ijit irroivitor soluJ. in mhi- 

nit pro},, Hon, i/.so t/u notJioiln df Afts. 4^ :ind Tc'. ilran'imj ilio ron- 

strnotion rictomii, , liloi'lc. or oo-oo'dinot, ii,c<s, o.s t/o r^uso nuii/ho, in cab- 

iiut projt liion instiiii! of isoinctric jiri'pit ion. 

56. •.'ii;ei,i;s ix <\\iiiNKr 1'ico.iectiox. — (u) V\'j.. ol i? the ealimet projec- 
tion of a cube with inscrihetl circles. The front face is ftill size, aiul the four 
edues pei'pen.liciilav to it au' 4:.-"' lines ami half length. To construct a circle 
ill the top face, ilraw the ili.agoiials of the circiniiscvilieJ liarallelograin, and 
mark tlie foiiv tangent [loints k\ l.\ li, li . To get points where the ellipse crosses 
the .liagonals, ilraw perpeiuliciilar lines at //(, ;/(, in the front face, lo the 
upper edge, and then 45"" lines meeting the diagonals at /.( ', in'. ni\ m' . 
Tims, eight points uii the elliiise are known, four tangent points and four aniv is usually less sat isfaCtul'V. 





Kii: ::i 



points on the diagonals. The ellipise sln.uld be 
sketched in pencil, and inked with the aid of 
n curve - lailer. This will re(|iiire practice, hut 
the di'aflMiiaii shcuild be able to coiistiaiet a 
satisfactorv ellipse in this wav, without finding 
its axes. 

[li] A short way of lindiiiL;- llie jininls wlna-e file 
elli|ise (ad<ses the diagonals is to make the distance 
from the centre of the cUipse to /;/ on the longer 
diagonal e(|iial lo one-lialt of hli, and draw a 45 lini' 
Ihroiigli each of tlic points thus found, I'his is an 
approxinialc nicllioil, Imt accui.ilc eiiou;;li for pracli- 
cal purposes. It is not of mnch use to find axes, ab 

Ihough it can be iloiii' without dillieully. The iiroblcm is recommended to tlie stu- 
ilcul as an exercise. 

(.) If additional p'Uiits cm the ellipse .are re.piiivd (which r.arelv occurs), 
the following method will give two sindi points in each ijn.adrant : From u, 
cuie corner of the sipi.are. Fig, oi.', dr.aw lines to the niiildle of the oiiposite 
sides. III and ii. Eet /< and h be the middle points respecti vcl \- of n ii' ami (( ///'. 

Jdie intcrseciion of // // ' ,aml n ii is a point lUi 
„' A the circle; the intersection of li in' ami (/ iii 

"^/o' '^ another point on the circle. This is ec|Ual- 
ly true of the ellipse w liich represents a circle. 
E\ repeating this construction in each ijiiad- 
raiit. eight ]'oiiits of the ellipse can be ob- 
tained 111 .additi.iii to tliose found I'V the 
methods of the preceding articles. 

This method is gerunetricallv correct, and 
ap}ilies to anv form (d' cd>liejiie projection, to 
isometric and to perspecti\e. 

57. Oblique Projection. — Cab- 
inet ]iru]ertiiiu is oih' of several svs- 
te'ins ed' I'htiqa, ])ia)jection. Ai.nother 
soniL'times useal differs onlv in the lenirth 

i>f the T-a"" lines, ^vhiell tire mtide ftiU leiio'th instead of httlf leno-fh. 

Tins svsteiu is ;i trifle easier to execute than cabinet, but the appear- 
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58. (") Isometric Projection and Cabinet Projection Com- 
pared. 



Isometric. 

Tliree axes parallel to which 
measurements coi'responding to 
the three dimensions of space can 
be made. 

One axis vertical; other two, 
3<.»° lines to right and left. 

Measurements may be made to 
true or isometric scale, but which- 
ever scale is used it is the same 
for all isometric lines. 

No face of an object is drawn 
in its true shajie and size. 



C. 




Same. 



Fig. '6',', — Iso.METiiiij Cube 



One axis vortical, one horiz(m- 
tal, one a 45° line. 

]\Ieasurements are full size on 
horizontal and vertical lines ; half 
size on 45° lines. 

The front face and otliers ]iar- 
allel to it are drawn true shape 
and size. 



Fig. :!4— Oabi.nkt Cdbe 



In Fig. 33 the cvibe in full lines is di-.TWn to isometric st-ale. The same cube drawn 
til full scale is represented liy broken lines. It is seen that the cube drawn to isometric 
scale Corresponds to the cabinet drawing of the same cube (Fig. 34), wliile that drawn 
true size appears nuieli liu'ger. 



As a rule, cabinet projection looks somewhat better, and is easier 
to execute than isometric projection. Each is especially adapted to 
the drawing of I'ectangular objects. Drawings of non- rectangular 
objects made in either of these two projections are usually unsatisfac- 
tory. Drawings to reduced or enlarged scale can be made in either 
]ii'ojection. 

ill) Advantages axd Disadvantages of Caisixet and Isometkic 
PuatECTioNS. — The advantages and disadvantages of cabinet and iso- 
metric projections as compared with true perspective are : 

AJvaiiiuffr.^. — (1) Time and labor saved. (2) Measurements cttu 
usually be scaled from the drawing itself. 

DisadvantcKje.s. — (1) A picture drawn in isometric or ctibinet is 
never a true picture. Liiic-s which in perspective converge are paral- 
lel in isometric or cabinet; hence the drawing ajtpears ilistorted and 
offends the eye. (2) One cannot choose the ]ioint of view from 
wliich to represent an object, as in pei'S))ective — often a serious draw- 
back. 



CHAPTER V 



59. Projection. — If from a point in spnco a straiijlit lino is tli'awn 
to a plane, the jioint in which tlie line meets the plane is \x j>i'i>jcvtiiui 
of the point in s])ace. The line itself is -a, jii'njcctiiuj line. The plane 
is A phow of p)i'(i/eiiion. 

60. OiiTiiixiHAriiio Pko.iectiun. — In OrtluH/rajiJiii- r'riij<rti()ii : (a) 
A plane of projection is either a rciiicaJ or a liuf'tr^inital phijif. The 

planes (if projection are assumed as transparent. 

{})) Every projecting line is pcrpend'n'idar to the corresponding 

plane of projection. Hence projecting lines are either hori-imliil or rcriiful lines. 

(c) The projection of a point on tlie vertical plane of projection is 
called its vertical jifojcction ; its Imrisoiital jirdjcction is on the huri- 

ZOntal phme of projection. Henec ]ion':Mntiil projeeting lines are used lo tind 
vertical projections, and I'trticul projecting' lines to find lidiixoiiinl projections. 

Illustuation : In Fio-. :1(i, page 4S, 1 represents a point in space. Iv rep- 
resents its vertical and Iti its liarizoiital priijcctioii. Tlie dotted lines represent 
projectinp lines. 

(<■/) A projection of ;i. li/ie mtiv be fonnd from the corresjionding 
projections of its limiting^'o/^fe. 

A projection of a surface may he fonnd from the corresponding- 
projections of its limiting lines. 

A projection of a .^i/liil mav be fonnd from tlie corresponding 
projections of its limiting surfaces. 

{e) In mechanical drawing, orthographic projection is used for the 
delineation of both the horizontal tuid the vertical projections nf ma- 
terial objects upon two imtiginary co-unlinate planes. 

61. Angles oi<- Pko.iection. — (a) The two co-ordinate planes of 
projection (considered tis inlinite in extent) intersect at right angles. 



atid thus form fimr ri(//rl diitl/'nl aii</li.\. Denoting 
plane of iirojcctidn by II and I In; vertictil jtlane by V 
snrhtC(^, or soHd is said to lie in tlie: 

7'7/'.v/ ^[iit//r when it is abo\e II and in fi'ont (if Y. 

Scroiul AiKjli wlien it is atiove 11 and liehind \ . 

TJiiril AiKjle when it is below II aiul behind V. 

Fourtli A/ujle when it is below H and in front of V. 



the horizdiital 
, ti point, line, 




Fu^ 
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AN intkoi)Uctc)];y course in mechanical drawing 



In descriptive geometry (a higher and more extended stiid_y of or- 
thographic projection) all four angles are used. In mechanical draw- 
ing, however, tlie object is usually assumed as lying wholly within 
one angle, no attention being paid to the other three. 

(h) The first ariffle is the one still used by man}' druftsmeii for worliing driiwiiigs, 
but tlie t/iifil ufEoi'ds a more convenieut ai'i'angemeiit of views (projections), and is more 
in accord witli modern practice. Tlie fundamental principles of drawing are practical- 
]y the same, no matter in which angle tlie oliject may be located, and a draftsman 
should be able to draw in any one of tlie four. Unless otherwise specified, the third 
angle will be used in all the problems of this course. 

(c) Note : The model shown in the photograph on tlie preceding page represents 
limited portions of the liorizontal and vertical planes. The angles of projection formed 
by tliese planes are therefore limited. It should always be borne in mind, however, 
that the planes and angles of projection are in reality infinite in extent. 

Tiie portion of the horizontal plane behind the intersection of the two planes and 
the portion of the vertical plane bdvw this intersection are the planes of projection for 
an object in the third angle. Thus in this course liltle use is made of those portions of 
the planes containing the upper V and the left-hand H. 

('/) A portion of a third plane (called the end or side plane of projection) perpen- 
dicular lo the other two planes is shown in the photograph. If the portions of H and 
V not used for an object in the third angle be removed, the remaining portions of H and 
V, together with tlie end plane, corresp(.>nd to the three transparent sides of the box of 
Fig. 36, page 48. The use of these planes of projections (including the end plane) will 
be explained in subsequent articles. 

62. A^iEws. — (a) The projections of an object on H and Y are 
called respectively its Hopiaonial P rojectum and Ycii/n-al Prnjectidii, 
or Plan and Elevation^ or Top View and FrontTlew. (Jf these three 
pairs of terms, Toji View and Front View are to be preferred. They 
not only are dehnite, Intt they are also consistent with Bottom 
View, End A^iew, Side A'iew, or Hear A'iew, terms commonlj^ used 
in working drawings when the corresponding views of the object 
are shown. 

(Jj) The projecting lines which determine any one view of an object 

are all parallel (since they are perpendicular to Ihe same plane). These lines ■ 

correspond to lines of sight ; but lines of sight never are parallel (since 
the eye never is an infinite distance away); hence a projection h never n true 
picture. The term vieu^ must therefore be used only in the sense of 
Siprojectlon. 

((■) RE>t.\itK : Unlike isometric and cabinet drawing, orthogra]ihic projection is 



not intended as a substitute for perspective. As a shadow may or may not resemble 
(he object which casts it, so a projection may or may not look like the object pro- 
jected. Thus, at the outset, this form of drawing is unnatural, and Ihe imagination 
must be trained to overcome the tendency of the eye to look for a picture instead of 
a pi'iijeetidii. 

63. Geol'nd Like.— The line in which H and \ intersect is called 
the ground line. 

64. Thk Dkawing. — [a) To Represent the Plane>< of Prvjectlon : 
A liorizontal line is drawn to represent the ground line. That portion 
of the paper above (or behind] this line represents one plane of pro- 
jection ; that portion of the paper J^elow (or in front of) this line rep- 
resents the other plane of projection. 

The ground line may be drawn anywhere, its location depending upon the desired 
arrangement of the different views. 

II is in front of and V is fibote the ground line when the first iinr/le is the one used. 
H is behind and V is Ijelow the ground line when the tliird atir/le is the one used. 

(i) Tlie Relative Positions of P If e rent Views : The positions of the 
different views (or projections) with respect to the ground line and to 
each other are the same as would result if one of the planes of pro- 
jection were revolved about the ground line until II and V are both 
in the same ])lane. 

1llustk.\tion : In Y\\^. o6, let the top of tlie box (which represents li) be 
revolved about the ground line until it is in the same pkiie with the front of 
tlie box (wliich represents V). The relative positions of tlie views (Fig. 37) 
will now correspond to those in the drawing (Fig. 38). In (which is in H) 
is heltind (above) and Iv (which is in \) is helow the ground line in both 
figures. 

(f) In ortliograjihic projection, any point in the third angle has its 
top view (horizontal jjrojection) Ijehlnd and its front view (vertical 
projection) Ijelow the ground line. 

In using the third angle, it is well to accustom oneself to think of a top rieir as 
bi'/iii/d tlie ground line rather than edjore it. (Why ?) On the other hand, it is obvious- 
ly correct to speak of a front view as below the ground line. 

(d) Orthographic projection thus recpiires of the imagination two 
distinct processes: (1) To conceive each view on the corresponding 
plane of projection. (2) To determine the positions of the different 
views with respect to the grounil line and to each other when the 
planes of ]irojcction have been brought into one plane. 



< »i;TlJOGi;Al'lllC I'KOJECTKJX 
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Eventually, ns one bocdiiies accustomed lo this form of prdjcolidii, lie is less eoii- 
scious of any aeliou of the imagination. As a mattei- of fact, an experienced di'afts- 
inan rarely thinks of the planes of projection at all, the different views of an olijeet 
appearing to him as so many true pictures of it (allhonuh they are not). 

65. ((0 To be tible to tlftiw in orthognipliic projection, one needs 
a working knowieelge ol' ;i lew of the tmulamental principles of de- 
scriptive geometry. In tlie following articles these princi})les are 
given in the form of pro]X)sitions for convenience of I'eference. ily 
means of the photographs, however, they become self-evident. 

Kemakk : The working knowledge ;il)ove reteired to is indispensalile. The sooner 
one acquires it. the sooner the work of drafting becomes more truly mechanical. This 
does not mean that the propositions should be learned by heart, but that a thorough 
understanding of them helps the imagination, and guides the reason in working out any 
new problem -which the draftsman ma}' encounter. 

(/>) In the photographs scattered thronghout the remttiiider (tf the 
chapter, the gkiss sides of tlie box represent the planes ol projection. 
(See Art. 01 (/.) These ]ihotographs are intended to make clear how 
the views of ;i jx.iint, line, surface, or solid on the ])ktnes of projection 
iire obtained. In many cases a. second ])hotogra[>li sliows the top 
glass (horizontttl ])lane) revolved about the intersection of the top ;ind 



front glasses (gronnd line) until the top and front glasses are in the 
same ]ilane. This firings the views into the stime r(.'l;itive ])ositions 
tluit they occupy in tlie corresponding jinp drtiwing. Were it not for 
the perspective of the ]ihotogr;i]»li, the views would lie identictil in out- 
line with those of the line drawing. It sIkjuUI be noted that a view 
on the top ghiss when it is liorizontal is greatly distorted l)y the jier- 
spective. Thus, in Figure 50, page .5(1, the view on the top glass is a 
true S(|uare, although it ma_v not a])pe;ir as such. In Figure 51 it is 
more netirly a stjutire, bectiuse the upper glass was almost jitirallel to 
the plate in the camerti when the photograph was t.-dcen. 

"When the end |)liine is used, it is revolved about the intersection 
of the front ;tnd end pkines ( vertictd ground line) until the end ;ind 
front pkiiies are in the stime ]>lane. This brings the end view oppo- 
site the front view. (See Figures, ]iages 5s ami 5'.».) 

RlJM.viac : The danger in the use of such ]iliotograplis is in becoming too depend- 
ent upon them. It is eviilenl that if is not nei'cs^ary to imagine an object eneloseil in 
a glass box in order to make an oiihographic di awing of it, and the bcLiinner iscaulioncd 
against allowing this to beccane a permanent habit. When the fundamental principles 
are llioroughlj' understood, the glass box should be discarded. (,8ee Note Art. 64 d). 
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AN INTRODUCTORY COURSE IN xMECHANICAL DRAWING 




Fig. 86 



Fir. S8 



Fig. "7 

to Y. The distance of Iv from the ground line eijiials the distance of 1 from H; 
hence : 



66. A Point in Space (Figs. 36, 37, 38). 

If In and Iv represent the top and front views respectively of the point 
1 in space, it follows: (e) Tlie top vi?:\v af a poirit /.y as far p.eiiind the ground line as the 

That the position of 1 is completely determined hy these two views; hence: jw/n^ itself is heJtind V. The front tikw of a point is as far below 

(«) Every point has two vieius (one on II. the other on V) Ijij 'which the ground line as the point itself is hehnn II. 
its position in space is determined. If a point is equally distant from H and V, its two views will be equally distant 

That a plane can be passed through 1, la, and Iv perpendicular to the ground f''"'" '^"^ ground line, 
line ; hence : That if the point 1 were no distance Lelow H, 1 and 1h would coincide, and 

iV) A point and its two views lie in the same plane perpendic- l^' "'""i'l 1"' i" f'e ground line. If 1 were no distance behind Y, 1 and Iv 

vlar to loth. II and V—i.e., a plane passed throvgh the two project- "''^"l':l ™i"''ifle ^n.l In would be in the ground line; lience : 
ing lines. (d) When a point lies in either II or T^, one cf its views coincides 

That the distance from lii to the ground line is equal to the distance from 1 lodh the pjoiid. itself, the other View ivdl lie in the ground line. 



line 
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A poiut lying iu botl. H imdV would coincide with both of ils views in liic -round (/o TJir t ir„ nl.ir^ .,f , ,u,; uf ,1 ,. , „ 1] , \. il ■ , 'I.T 

» I") J- 11' iKiiiUiir^ (If i( 2>i>i III itiirai/s lie in t/ic kuiiic i^ti'aignt Line at 

riijht anijli.s tn tlie <jriiini<! line. 

This princiiilc is i-outiuuallj' used in linding one view of a point from the otlier 



THK IMIAWIiNHJ (IK A l't)INT IN Sl'Al'E, 

iSoc Arl. (U.I 

67. From Figures 37 an(,l oS it is evident that: 



((■) Ilu'stkation: Assume the point 1 (Fiu', :;(3) to lie :V' below 11 and 3J-"- 
,,..,. , , , liehind \'. Applying the priin.'iples of Arlieles (iO and (37 to the drawin(i' 

{a A point in space ean he representee! hi, it, t,co views, neither of (Fig. 38), 1„ ,s ;;i" hohind the ground line. Iv ,s 3" below the s^round VnZ 
''''"''' " ^'"'J>'"»^ '^^^'If- The Hue joHiiu,- In and Iv ,s pe;p(.,d,cuh(v t.i the ground line. ^ 

.^.;^^ '"''"'■ ""'■"■ ""rlace, or sohd never has less than two views in true orlhograpliic If 1 wer(- no dislau(;e liclow 11 instead of I! , where would Iv Ije ? 

'"■ '""■ Where must 1 be if both 111 and Iv are in the urouud line? 
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AN IXTRODUCTORY COURSE IN MECHANICAL DRAWING 





Fig. 39 



Fig. 40 



Fig. 41 



68. Stk.vight Lines. — If 1 and 2 are the limiting points (ends) of 
any straight line 1-2 in space, the lines between In and 2h, and be- 
tween 1\' and 2\- will be the top view and front view respectivelv of 
the line 1-2. 

When the views of 1 and 2 ou the same plane coincide, the coriespoiiding view of 
1-2 will be a point. 

69. Steaight Lines PEKPEXDiecLAR to H cik Y. 

In Figure 39, let 1-2 represent a line perpendicular to H and 3-4 a line 
perpendicular to V. It follows : 

That the point 1-2h (Fio-s. 40, 41) is the top view of 1 and of 2, as -n-ell as 
of ever}' f)oint in the Hne between 1 and 2. Tliat, likewise, 3-4v is the front 
view of 3 and of 4, and of every point in the line 3-4. Hence : 



{K) ^1 I/'ne pez-jjemUei/Ia/' to lither ^Jlaiie of jxrojection hasfor its view 
on tJiat jjlane siinphj a point. 

That the line Iv 2v is the front view of 1-2 (Art. f>%). Since Iv and 2v 
are respectivelv as far from the ground line as 1 and 2 are from H (Art. 66 c), 
the line \\ 2v = l-2. Since Iv 2v is parallel to 1-2, it is also perpendicular to 
the ground line. Lil;ewise 3h4ii = 3-4, and is perpendicular to the o-rouud 
line. Hence : 

(h) A line perpendicular to either pileuie of projection has for its 
view on the other plane a straight line perpendicular to the ground line 
and equal in lerojth to the line ef which it is the projection. 

((') It the line 1-2 is moved up until 1 is in H, Iv will be in the erouud line (Art 
66 d). If the line 3-4 is brought forward until 8 is in V, 3h will be in the ground line 
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llriice : If one nid ,>f „ line is in rilhn- plme nf projection, the corresponiUnn end of its (Art. r.O „) ?,\-' l,rliin,l the uT.niiid line. Tts front view will l.e a line iTlv 3" 

rieir on the otlief idiine irill he i}i ilie iii:>iiiiil line. I - „ . ; \ ,.t .-iwi r i t ^i i i- i i ■ -. n , , 

loni;- (Ai't. Ill) /)) ]ieviien(lieulai- t.) the y'VOlind line, Iv hemo- 1 l.eh.w it. 

If •>-4^is :i" luiiu', :;j-" helow II. and nearest end 1" hehiiul "S', its fnint view 
1 HE Dk.vwin,M /-'f/'''^^ -5", I,])- ,vill he 3-4V 3J-" helow the i^ruund line ; its top view «-ill be iiiTTi, 3" long, 3n 

((/) 1lh\sthatio\ : Let the line l-i' (h'ii;-. 3!l) be 3" loll"-, 31" behind \', beiii;^- 1" behind the ur.aind linr. 
<ipi>er end 1" below II, Then its top view (Fig. 41) will be the i)oint l^ii in-2 were no distiuu-e lieliin.l V, wonld 1-:.' and l72v Coincide ? 
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AN INTRODUCTORY COURSE L\ MECHANICAL DRAWING 




Fig. 42 



70. Steaight Lines Parallel to One Plane of Pkojection but 
AT AN Angle with the Other. 

In Fi£?ure 42 let 2^ represent a line parallel to V but at an angle with H, 
and 3^ a line parallel to II bat at an angle with V. It follows : 

That 2frrii and 2v Iv (Figs. 43, 44) are, respectively, the top and front 
views of 2^. Since 2^ is parallel to V, 2v lv = 2-l, and the angle which 
2v Iv makes with the ground line is equal to the angle which 2-1 makes with 
H. Likewise, 3h 4ii = :i^', and the angle :3h 4h makes with the ground line is 
equal to the angle whicL 3-4 makes with V. Hence : 

(a) When a line is jxtra/le/ to either plane of projection, its 
view on that plane represents tlie true length of the line; and the 
angle wJdch this view makes vnth the ground line is equal to the 



Fig. 43 



Fig. 44 



angle lohich the line in space makes with the pjlane to which it is 
not parallel. 

That since 2 and 1 arc equal distances from V, 2h and 1h are equal dis- 
tances from the ground line. Likewise, 3v and 4v are equal distances from the 
ground line. Hence : 

[J)) A line pmrallel to either plane of projection has for its view on 
the other plane a line parallel to tlie ground line. 



That since 2 and 1 are not equal distances from H, 2h 1h is shorter than 
2-1. Likewise, 3v 4v is shorter than 3-4. Hence : 

(c) ^V7le?l a line is not parallel to a jjlane of projection, its view on 
that plane is always shorter than the true length of tJie line. 



( »!;tii(;)(;uap]iic pimuectiox 



53 



((/) If a line lies in either i)laiie of projerlioii, it will coincide with its view on that view, 'Jv Iv (JMo-. 44), is "" h.iio- and makes an anifje of 00' witli the tfround 
plane. Where will its other view be ? (See Art. 69 .. ) line ( Art. 7u' a). The point Iv is U" beluw tlieVoundline. Its top view, 

2h III, i.s parallel to and 3-}" lichind tlic ground line (Art. '71) //). It is less tban 

3" long (Art. Til c). Likewise, if 3-4 is 3" long-, 3|" below JI, makes an angle 

of 6ii'^ with ^', nearest point 3 is 1-1" beliind A', then: 3[i 4ii is 3" long and 

(f) Ilu'Stkation : Let the line 2-1 (Fig. 42) be 3" long, 3-]-" beliind Y, and makes .an angle of (i(j" with the ground line. 3ii is \l" beliind the ground line. 

upjier end 14" below H. Let it be at an angle of 60° witli H. Then its front 3v 4v is parallel to and 3J " below the ground line. 



The DkAWiMi (F/t/ure.s Ji-J and JfJ^). 
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Fifi. 45 



Fig. 46 



Fig. 47 



71. Lines Parallel to Both H and V, and Lines Parallel to 
ISTeither H nor V. 

In Figure 45, let the line 1-2 be parallel to both II and V. It is evident 
then that both Iv 2v and In 2ii (Figs. 46 and 47) must botli be parallel to 
the ground line. Hence : 

{a) A line jmraUel to loth 11 ond V has for itn tivo vicn's lines jxtr- 
allel to the groundUne, loth ofv^likli ore equal in length to the line itself. 

If the two views of a line are parallel to and equal distances from the ground line, 
what position with respect to H and V does tlie line in space occupy ? 

In Figure 45, let the line :l-4 be parallel to neither II nor V. It is evident 
then that both 3v 4v and SifTii (Figs. 46 and 47) are shorter than 3-4 (Art. 
70 c). Moreover, the angle which 3v 4v makes with the ground line is not 



equal to the angle whioli 3-4 makes with H, although it is the front view of 
3-4 ; neither is the angle wdiieh 3h 4ei makes with the ground line equal to the 
angle 3-4 makes with V. Hence : 

(Ij) If a line is pared I el to neither plane (f jrrojeetion, hejth views are 
sliorter than the line itself. Tlie eingles nd/ieh the line mnJces vnth the 
planes (f prejjeetiejn aye not representeel in their true size lij the angles 
v}hieh the ■eiew.'i tnaikc loith the ground line. 

(f) Any two lines, one in H and the other in V, drawn at random but liaviug tlieir 
corresponding ends in Huts perpendicular to the ground line, will he the views of some 
Hue of definite Icngtli in space. 

(rf) A line of definite length at a fixed angle to either plane of projection may oc- 
cupy an infinite number of positious in space, hut its view on tliat [daue will alwtiys be 
of a constant length. 
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Illustration : Let a line 4" long at an angle of 60 with II l)e revolved about a 
■rerticdl axis through any one of its points. In any one of its sueeessivc positions tlie 
line will make an angle of 60° with II (Why V), and its top view will he 3" Ion"- 
(Why?) 

72. Pkofile Plane. — A plane perpend iculnr to both li and V is 
called a }>r<{-tile plane. A line is in a profile plane when both of its views lie 
wholly within a line perpeudieuliir 
to the gidund line. 

73. Given: Tin tiro 
■rh-irs i>f a //'/te, nc'dltcr of 
whii-Ji IN pdrallt I to tin 
(ji'oiinil line, to fiiul tin true 
leiKjth of the liio- idol the 
aiiijle it nnlken inith I'ltlier 
plane of prn'icetiini. 

The line must i)e bfouo-Jit 
]iai-allel to II or V (Aft. 
To a). F(_)f example, let it 
be brouo'ht ]i;ir;illel to V. 
Pevolvo the top view (al- 
lowing one of its ends to 
remain fixed) until it is 

]);irallel to the ground line. [This is equivalent to re\-olving the line itself 
(about a vertical axis through one of ils ends) until it is piuvillel to V. (Why ?) (Art. 
70 /,).] The corresponding IVont view ^vill give the true length of the 
line, and tlie actutil ano'le it makes with II. 

Ti> tind the angle the line malces with V, revolve the I'ront view in 
a similar mannei' nntil it is parallel to the ground line. The coi're- 
sponding top view not only gives tlie tingle the line makes with \ , but 
also the true length of the line, which should ttgree with that obtained 
by the first method. 




Iu(;, -IS 



Illustr.vtion: In Figure 49, let In :iii and IvJvljetlie view.s of a line in space. 
Revolve tlie top view about In to the position In ::!ti(i!). (Why must the revolved 
position of the lop view be parallel to the ground line?) The point 2v moves in a 
line parallel to the ground line (Why?) until its revolved position 2v(ii) is in a 
line throngb 2ii(r) perpendicular to the ground line (Why?). 1\ L>\'(it) is the 



true length of thej^ie 1-L', and the angle X it makes with the i^TOund line is 
equal to the angle \-i makes with ]I. 

If the front view Iv ■1\- be revolved in a similar manner until it is parallel 
to the ground line,_the corresponding revolved position of I ii 2ji will also give 
the true length of 1-ii, as well as the angle it makes with A'. (A cheek on the 
first metluid.) 

74. The converse of Article 73 is equallj^ iinportant. Given: A 
I'nir of ilriliiitr Iriiijth and the anijlcs it niuh'N tvitlh II and V, reipee- 
tivelj/, to _fnil it.s two views. 




2H(R) 



\ 




2v(R) 



Fk; 49 



First draw the two views of the line when it is parallel to one 
]ilane of projection and at the given angle with the other. The shorter 
view must now be revolved (one end remaining fixed) to such a iw- 
sition that the corresponding view on the other ]»lane will be of the 
right length. (What will lie this lenglli ? One end of which view will move in a 
line parallel to the ground line during tlie revolution ?) 
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4H 



I'v 



3h 



liH 2;H 



l;v 2iv 



2'v 



Fig. so 



Fig, 51 



Fig. 52 



75. Plane Figures. — A solid bouuded by plane surfaces has for 
its edges straight lines, to any one of which the principles already 
given mav Ijo fipplied. Wlien two or more edges are taken together 
additional principles pertaining to plane figures may be deduced. 

76. BorXDAEY-LIXES AND ScEFACES OF SoLIDS. 

From Fi^'ure on it is evident: 

That the two vertical ci]f;-es of the si.jaaro prism 1-1' and 2-2' have for front 
views two parallel lines. The top view of eacli is a point. 

That the two front views of 2-2' and 3-3' would be parallel if 3-3' were not 
directly behind 2-2', thus making' the two front views coincident. Hence: 

{a) When two lines are jKiralJil in sjmce their cdrreKpondlrKj vieios 
are parallel, unless these vieivs are eDnifiilerit or hecoine mere jjoiiits. 



If two lines in space intersect, tlieir corresponding views will intersect, and a 
straight line between the two puinfs of iuler.^eetiou will be perpendicular to the ground 
line. 

That the upper base 1 2 3 4, iieincr parallel to II, has for a fop view a scjuare 
equal in size to the base itself. If the liase were a hexao'ou or any other poly- 
gon ;«nv( /A'/ /o //, the top view Would lie identical iu outline with the base itself. 
Hence : 

(h) An ij plane fiijvre iiarallel to either plane of preijeetion is pro- 
jectrj till tji at plane in its true outline. 

If the plane of mi angle formed h}' tw-o lines iutersecling in space is parallel to 
neither II nor V, the views will always be greater or less than the angle they represent. 
Any plane figure must be brought parallel to either H or V to ascertain its true outline. 

That if the upper base is parallel to H its front view will bo a straioht line, 
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represeutiiii;- in reality four lines. Tjikewise, if tlie f;ice '-' ;> :V -J' is [icrpeiidicnlar upper base is parallel to and I .'," below II. The front vertical face is parallel 

to both II and ^', its top ,aiul front views :\w both sti'.ai^ht lines. to and -J]-" behind ^'. 

(c-) W/liU cni//j>/iiiu\-tl'</inv Ix j>,rj>r//i//ci//,ir in < ititcr jihaic of pro) re- '-I'l'^-' top view of the [irism (Fi^-. TiL'), therefore, is a i'" sijuare, the front 

turn itx r/'rir on that I'llanr ivill t>r ,i strnhjht lliir. A 2>l>i i,r p,jii rr j>er- ■'''''^' ""^ "l"*-''' '^ parallel to (Why 'O and -J]" behind (Why?) the grouml line. 

J>rn(i:r„l,ir to hoth J^laios ,;/ J'rojrrtioii' /his for ,ac/i <>/' iu' rinrs a The front view is a l'" x 4" reetan-le, the upper side of wineh rs parallel to 

Straiil/it ll)lr ' ' ("\\'liy ?) and f i" below (Wl)y ?) the u'ronnd line. 

77. Se>LiDs.— Mechanical drawing is mainly nsed to represent 79. assimixo the I'osniox oi- an (Mmkot — 'I'lir piism (Fig. 50) is in sueh 

solids. Hut 8o//iIs are bonnded bv si//f'(/rr.s, wllich in turn are lionnded a posilion. with two faces parallel lo V and Iwo hases |iaralli-l to H, tlnit the top and 

hv/hos. which are themselves limited \)yj>o;„ts. Views of a solid can f''""' ^"''■"■« ■"■•-' '''-'■'>' "'"'l^'''- ''"''^' 'li'ii'isman usually assumes the faees of the object 

^, ,. 1 ,- 11 , ■ , • ' ,■ ■■ 1- •,■ ■ , 1- whieh lie iiarlieularlv wishes lo sliow i>arallel lo H or \ , This, however, fs often ini- 

thercrore be found bv ( I'tiwuiir the views or its hmitino' points, ines, i , q i i ' ,, , i i , i m n i v ■ ,, , 

^ ,-D 1 • ' ]iossihle, boliils an- tlirfilore purposely assumed al anLj,les«alh It anil \ m many 

and surfaces, according to the principles already given. pioblcms in order that the student may learn to represent au object in any position 

78. Square Fi-tisvi. — Let the prism (Fiu'. oil) be :.'" sipiare, 4" hi,i;li. The wliatever. (Sec Arts. s:i. S4.) 
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FiG^ 53 



Fi(i. 



Fig. 55 



80. Additional Views. — It often happens tljiit the to]3 and front 
views of an object in a given position do not adeqnately represent 
it. For example, the top and front views of a square prism in the 
position sliown in Figure 53 are both rectangles. But the toj) and 
front views of the cvlinder, Figure .56, are also two similar rectan- 
gles. The ends of the rectangles in one case represent squares, in 
the other case circles, but there is nothing to show this. Something 
more is needed, then, to determine whether the rectangles them- 
selves are views of a square prism or of a cyHnder. Accordingh^ end 
views are shown (in Figure 55 a square, in Figure 58 a circle) which 
remove all douljt. 



81. (rt) Tnii Pkism, Figure 53. 

Let tLe prisui (Fig. .53) be 2" squMie, 4" lono-, with its top face j^arallel to and 
2|" below II, its front face parallel to and 2J " behind V, and its end 2J-" from 
I] (the end plane of projection). The top and front views are obtained in the 
usual manner. The end view is obtained in precisely the same wa}' as the other tw o 
views, except that V and E are used instead of II and V. This view wdll there- 
fore be a 2" squ.Hre, since the end of the prism is parallel to E. The end plane 
is revolved about its intersection with V (a vertical o-round line) wdien the three 
planes are bronght into one, as shown in Figure .54. In Figure 55 the end view 
will therefore be projected across (horizontally) from the front view, and the clear 
space between the two views will be 2J-"-|-2^-" = 4a". If a vertical ground line 
is drawn, it will be 2-J-" from the front view and 2i" from the end view. (Why?) 
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Fig. 66 



Fi.; 



(h) TiiK Oylinhek. Figukk 5(>. 

Let ttie cvliiuli'i- (Fii;'. "'O) he Ll" in diaiiK'ter and 4" loiii;-, with its axis paral- 
lel to ami :>-^" from Uotii II ami \. The eml of the evliiuler is ■_','," from E. 
Tiie eml view (Fit;'. oS) is a eirele, the eeutre of whieh is on a horizontal line 
tliroiio-h the eeutre of the reetangle (front view) and I'l' -(- 3J-" — oj" away from 
the end of this reetangle. (Why?) 



(<■) In o-enei'al : T/n front and < ml rl, irx of ii n ij j^uiiiit h< III ilic same 
liorlzontid line — /. (., <( line at right ainjlis to a ''< rtieid ijronnd line. In 
;\ similar way all tlie» principles relating to points and lines when H 
and ^' are nsed can be easily niodilied to apply to V and E or H and E. 

It is often ninre ennsisleut to cliII llie view on E a xiiL vicir instead of end vii-w. 
(See Art. 84.) 
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{(I) The IIexactOnal Pkism, Figure 59. 

Tlie hexagonal prism (Fig. 59) is another ilkistra- 
tion of the necessity of adding an end view. In tlie 
orthographic drawing (Fig'- 60) the end view is drawn 
first in its proper jiosition and the other two views 
derived from it as indicated. 



Fis. 59 



j'lii. m 



82. The HEXACiONAL PyRAJiiD, Figiue 61. 

Let the pyramid (Fig. 61) have its base parallel to II. Let its altitude be 
4" and a side of the base 1" long. The top view of the pyramid (Fig. 62) will 
be a true liexagon, one side of which is 1" long (xVrt. '70 h). The diagonals of 
this liexagon should not be thought of as diagonals at all, but as rieios of dhji-s 
which run from the vertex to each corner of the base. In the front view the 
base is repiresented bv a straight line (Art. "70 c). Since tlie altitude of the 
pyramid is parallel to V, its true length, 4", can be measured above the centre 
of the base, in the front view, to find the point representing the vertex. 




Fig. 61 



Fig. 62 
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83. Invisible Edges. — Wlien a portion of a solid is 
between one of its edges anil a plane of projection, the 
view of the edge on that jjlane is invisible. Invisible 
edges are represented by bi'oken lines. (See Art. 
32 a.) 

Illustration : The prism (Fit;'. 03) lias been so placed with 
respect to V that the rear edncs are not directly hehiiid the 
front edges. One of these I'car edges is visil>lc in the front 
vie«', the other is invisihle and is represented bv a ln'oken line. 
In the side \'ic\v the edge farthest from E is invisilile. 

Invisilile edges are usually shown when the drawhig is made 
eleari'i- tliereby, otherwise they may tie omitted. 

84. The Sqcaee Pkis.m of Fi<;rEE d3. 
Let tlie prism of Figure 50 lie turned until tin' front face, 

instead id' being [larallel to ^^ makes an angle of sa_\' "10" with 
A' (Fig. 0:1). The dotted lines (which are in reality y'/v;/(v//y/// 
liiie.'i) indicate how the front and sitle views can be derived frmn the top view. 
In the ortliogra[dnc drawing (Fig. 04) it is therefore necessary to draw the to]) 
\-iew hrst. This top view will be a square, since the base of the prism is still 
parallel to II, bat the side of the square which represents the top view nf 
tlie front face (Art. 76 c) makes an angle of 30° with the grounddinc. (Wliy'O 
The nearest corner of the scjuare is as far behind the ground line as the near- 
est edii-e of the prism is behind V. (Why?) The front view of any point (u- 
edo'c can be found by drawdng a lino at right angles to the ground line throngli 
the top view of the same point or edge (Why?), and laying off on this line 
the proper measurements below the ground line. (What will the proper mcasnre- 
ments correspond to?) The work is indicated by the projecting lines (Fig. 64). 

PiB.AtAEK ; When in doubt as to which view of an object to draw first, select that 
one which shows u base, face, or end of the object in its true outline, i.e., the view on 
that plane ot projection to which part of tlie object is parallel. 

85. A Solid Inolined to II and V.— («) When a solid is inclined 
to both II and V, it is in the most difficult position to draw in which 
it is possible to place it. The process consists of three steps : '1 ) The 




Fic. Ci-l 



solid is assumed in some simple position with respect to II :ii)(l \\.-ni(l 
a drttwing made of it in this position. (2) The solid is ti]iped with 
res]iect to unc plane, but its position with respect to tlie other ]ilnne 
remnins unchanged. (3) The solitl is tipped with respect to the plane 
to ^vllich it lias not yet been inclined, but its position with respect to 
the other plane is the same as it was at the end of the second stej) of 
the ]irocess. The views of the solid in this third position are the ones 
required. These views are,, in part, derived from those of the second 
step, which are in turn derivetl from the views of the solid in its tirst 
position. 

N(JTE : To avoid confnsion, il is wrll to assume that each time the solid is tipped 
it is also moved far enough to tin; right or left to enable a separate pair of views lo be 
drawn for each of its three positions. (See page 62.) This is not essential, however, 
for the (liree jiairs of views can be drawn in tJie same jilaee on ihe p;iper, ihe views oi 
the solid in its first two positions serving as so many ciaislrnclion lines which iiniy be 
afterwards era.scd. The latter arrangement is often made necessary by the limited 
anionnt of space available. The method of determining the views is practically the 
same, no malter wliich arrangenieni is adniitcd. 
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Fig. 68 



Vic. 69 



Fin, 70 



view bus been omitted. 

SECON'D I'OSITIOX 
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[h) Illustration : Square rKIs:M Inclined to H and V. '"-'i' "'' l<-"*t«i' 'be ininciiial pi.inls of the lirst ligme .■md use the same notation for the 

corresponding points in iliu seeoiul hgiire, imiil.iiiii iiirli pn/nt us sunn ,is f,iiiii(l. For 

FIRST POSITION'. example, if the corners of tlie iip|ier Imse (top view, Fiy. GN) are lettered around in 

The p<isition of the prism with respect to 11 and Y in Figure Cj is the order— lii, 2n, 3ii, and 4ii— llien In. 2ii, liii, and 4ii of the new top view (Fig. 69) 

same as that of Figure 63, page CI. lleiiee the corresponding orthographic maybe joined in order, and these lines, lieing in the upper base, \vill all lie visilile. 

/!,.,,„■.,„ T,\' „, , CO ■ „ ,ti v^ t\ i t !■■ ,-■ f ei " J. iV •] 'Plie corners of the lower base should be disiinLniislied in some wav from tli(jse of tiie 

drawing i'lgure 6b is exactly like tliat of bigure 04, page 01, except the side ^ ■' 

^ " . 1 o i upper base. A good way is to lei 1 lie llie corner under 1, 2 under 2. and so on, as 

sliowii in the figure. Then I'll, 2 it, y'li, and 4'it can be joined in order, but 2ii3'ii 

and3u4n wid lie invisible. Likewise, correspionding points of the upper ami lower 

In Figure 6G the prism is tipped up until the plane of the upper base makes l,,^ses, as li-i and I'u, 2ii and 2'ii, etc., may be joined, since these lines wdl represent 

an angle with II (any desired angle), Imt the iMs'illon of the prism witit respect the top views of the corresponding edges. 

til V /ids not hceii chaiu/eel ; that is, e\'er\' jioint of the prism is just as far be- (e) All lines in the juriunirr of any toji view are always visible. These can be 

iiiiid V in Figure 66 as it is in Figure Go. Hence : (1) The front view (Fig. 69) '1™"'" f"'""^' '^ 'i"^' "if'"'" ^'"^ perimeter is invisible when fnnn llie front view it is 

■ .1 - ,7- xi ,. ", ■ r T7- eo I t v • i' 1 t'l »i sccu to be Underneath anv iMiition of t Ije solid (Art. SM). 
is the same ;/* outline as the front view of bigure Ob, but it is tipped until the 

upper line makes the same angle with the tiround line that the plane of the „.,,,,,, , .,„,. „„,.„..,., 

ii c^ ^ 1 IIIIKII (IK IIN.VL POSIllON. 

upiier base makes with II. , ., m ■.■ r ,1 ■ ,>• ,.^ ^ ^ » ti ■ ^i 

., . . . . . . . ( /^ ) i be position of tbe prism tigurc 0/ with res[)ect to U is tlie same as 

(■2) Since in tipiiing- the prism (and moving it to the rig'lit) everv point of ,i , ' ,- -i i^- ,.,. mi i- i i i ■ ^ i x- i ■ 

^ ' I 1 r. ^ 1 v^ ^ .^ . . . that lit the prism figure 00. ihe vertical edges, however, instead of being 

it was moved ixu-allel to V, the to/i ncn' ed' aiiv iiartieiilar iioint is as far behind ir i ^ ir ■ r i ^ t^ m ^ ^i ,." 

^ . ^. . . . parallel ti.i \ , arc now inclined to V. Note that: 

tlie o-round line in Figure 69 as in Figure 6y — i. c, its iiath dtiriiio- the change ,,\ rr.\ ^ ■ ,i- h,,i ^ i ^i ■ w ^i ^ ■ 

^ ^ ^ ' 1 & ,^ 1^1^ y[^^, ^np y^^.^y (rig- 70) must be the same iii ontlrnc as the top \'iew 

of position of the iirism was a line iiarallel to the ground line. ^ ,,. „,, , ,,,, .„ 

' ' .... . . of bigure 69. (WhyY) 

(r) The actual work of drawing is as follows: (1) At anv convenient dis- ,'-,, ,^ . ,'. ^, i- , ■ ,-\^- ^,.\ ^ ^ r i , ,i 

^ . , ,. . ■. . (2) Fvcrv jioint 111 the new Iront \'iew (I'ig. /()) must be as tar below the 

tancc to the right, coiiv the front view of Figure 68, but iiieliuc it at the de- i i- ' ii i- • i ■ *i r ^ ■ i- 

•^ ' • ^ . . ground line as the corresponding point in the troiit view l^igure 09. (^Ahy?) 

sired ainde to the ground line. (See 1, above.) In this case tbe line 1 v 4v 2\- ov, ' , > rp, , , i r i ■ ■ ^ n /,\ w" • ^ i- 

^ ^ . . o ('■') ^'"^ actual work ot drawing is as follows: (1) At anv convenient dis- 

represeiiting the front view of the uiirier base, is drawn at :10 to the ground , ' . ^i ■ i . ti ^ • j t- ,.o i » ■ i- ' -^ ^ ^.i i • i 

' " 1 ■ o 1 II ' taiiee to the right, eiipy the top view of bigure 09, but incline it at the desired 

line, since the upper base makes an angle of 30' with 11. i * ^i " i r' rrr • ,i *j i ■,■ t »i • ^- i , i 

'^ ' ^ , , ,. . angle to the gnaind line. [It in the final position ot the prism a vertical eds'c makes 

(■2) Throng'b the principal points in the toi) view of Figure 6S, draw lines " , ',. ,.,,,, ■,, i^ , ,- i .i i , • , ,i ,■ 

V ' -^""-"p ^ t I I 1 t~ ' .an angle say of say ()(!=' with \ , liow can one find the ansle which the line representing 

to the right parallel to the ground line. The corvesponding points in the top j,^.g ^^jg^ -^^ „,^. j,;^, ^.■^^^. ,j,.,|.,.^ ^^.j„, i,^,, ^,.,,^,,,,1 ,.,^^, -| ' ^g^.^, ,^^.^ -^^ 

view-, Figure 69, will lie somewhere in these lines. (See 2, above.) ^o) Through the priiici[ial points in the front view (Fig. 69) draw lines 

(3) Through any point in the front view of I'igttrc 69, as 3v, draw a line at |-,arallel to the •■■round line. (Whv?) 

right angles to the ground line. The point 3ii (Fig. 69) will be at the inter- (3) p,,..,,,- ij,,^,^ through .'ach .d' (he principal points of the top view (Fig. 7o) 
section of this line and the line parallel to the ground line througli 3ii (Fig. perpendicni.ar to the grouu.l line, and find the intersection of each of these lines 
68). In a similar manner draw lines perpendicular to the ground line through „.jt|, ,, ij,,,, thmiigh the corresponding point of the front view (Fig. 69) par- 
each of the principal points of the front view (Fig. 69), and find the inter- ,^]\^.\ to the ground line. [For example, a line througli 3ii (Fig. TO) perpendicular 
section of each of these lines with the line through the corresponding jioint of to the .ground line intersects a line iiarallel to the ground line through what point of 
tlie top view (Fig. 68) parallel to the ground line. the front view?] (Fig. G9l. 

(4) Between the points thus found draw (1) all the visible edges, and then (4) lietwceti the points thus found draw (1) the visilile and (2) tbe invisible 

(2) tbe invisible edges, if they are to be shown. edges. 

(d) In more complicated figures it is difficult to connect the proper points in the (//) All lines in the perimeter of the new front view are visible. A line within this 

top view unless they liave been systematically kept track of. It will save time to num- perimeter is invisible when from the toii view it is seen to lie behind any portion of the solid. 
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Fig. "71 



Fro. 



Fig. 73 




Fig. 74 



Fig. 75 



Fig. 76 



ORTIIOrxRAPHIC TROJECTION 65 

{b) Illustration: Hexagonal Piusini Inclinko to 11 and V. top view, Figure 7g, must lie Jeri\e'l from the to[> view, Figure 75, aud 

, ,. , , ^. 1 ,■ , -ii i i -vr , ,, ■., , , IT tlie front view, Figure 70. In the lii>ures referred to, a siuffle point of 

A solnl may be tipped hrst witli respeet to v and then witli respect ti> II. , , , , , , i- , 

„,,,., I -11 , ,, • ,, , 1-11 ii r 1 ■ 4; 1 the prism can lie traced through the ditfcix-nt steiis of the process by means 

The hnal result will be the same, no matter to whicli plane the solid is nrst . , , , ■ ,■ t 1 1 i 

,.,,,,. f., , ^. ,. , , 1 ■ 1 •. ■ ot the broken construction lines. In\isible edo'es are purposely omitted in. 

inchned. In Fis>-ures 71 and 74, tor example, a hexagon.al prism has its axis , , . o 1 1 j 

,, , , , ',, 1 1^ T i>- ^ , ^. . ,, .' • , 1 • r 1 the drawing?-, 
jiarallel to both 11 and \. In Figures r2 and to tins axis lias been inclined 

to V (instead of II), but it is still parallel t(^ II. The top view of the prism 

^, „ ^, , ,. t ii i ,- t 1 -ti , , ,, ,f t. ti No matter ho\y coini)licate<l the position of an obiect with resijcct 

IS therefore the same as before, exce[)t that it is turned with respect to the 1 i ■'...' 



ground line. The new front view, F'igiire 75, however, must be derived from 



to the planes of projection may be, by assuming the object in a simple 



the front view. Figure 74, and the top Wew, Figure 75. position, and then tipi-ing it first \vith resj^ect to one plane and then 

The third and final position of the prism is shown in Figures 73 and 7(i. the other, according to the ])rocess jiist described, the two views of 

Here the front view is the .same in oiiltnie as in Figure 75, the position of the the object are easily found. It requiies considerable care, however, in 

pri.sm with respect to V not having been changed from that of Figure 75. projecting points from one tlgure to another if extreme accuracy is to 

Tlie axis of the prism, however, is now inclined to II ; hence the new be attained. 
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IiG. 77 



Fig. 78 



Fig. 79 




Fig. 80 



Fig. 81 



Fig. 82 



ouri !(.)(.; KAi'iiK' rj;(j.ii:e"nux 
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Fui. So 



Fig. S4 



Fir. S."> 



Fiii. SG 



Flu. 87 



Fig. 88 



86. Pi..\x).:s. — Tlie line in which any phxne intersects II is called 
the hoi'iiKiitiil ti'iKu^ of that plane ; its i\'ii/c<il inic- is the line in which 
it intersects ^'. 

I'roni the ligares it is evident that : 

{ii\ A plane {mrallel to either 11 or Y has lint one ti-ace, ami that 
trace is parallel to tiie ground line (Figs. 77, 78, S3, Si). 

(Ji) "When a plane is parallel to the ground line its traces are jxiral- 
lel to the ground line (Figs. 79, 85). If n plane is not parallel to tho n-n.iuul 
Hue and lias two traces, these traces will meet in the grouini line. (Wliy?) 

(c) A plane perpendicular to II has its vertical trace ])erpen(licnlar 
to the ground line (Figs. So, SH). The horizontal trace of a plane per- 
pendicular to V is perpendicular to the ground liue (Figs. SI, s7). 



[ij) If a plane is i)erpendicular to II, lint nuikes an angle with Y, 
this angle is equal to the angle made by the horizontal trace with the 
ground line (Figs. S(), Stt). If a plane is per])endicular to Y, lint makes 
an angle with II, this angle is equal to that between the vertical trace 
and the ground line (Figs. 81, S7). 

(< ) Fach of the traces of a ])lane oblique to both II and A" is at an 
angle with the ground line, but the angles thus shown are not equal 
to the angles which the plane makes with II ;ind Y (Figs. 82, 88). 

(/') A ])lane perpendicular to both 11 and A' is called a jn-a-file 
phiii. : its traces lie in the same straight line perpendicular to the 
gi'onnd line i Fig. 48. page .^."i). 

A tr:iee of a plane is represen(ed by a dot and a ilash alleriiating, (See xVrt. 32 iL) 
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SPECIAL APrLICATIONS OF OETHOGEAPniC PROJECTION 
SDHFACES OP IlttVOLUTION, PLANE SECTIONS, INTERSECTIONS, AND SHADOWS 

87. A Circle Inclined to H and V. — {a) When the plane of a 
circle of x inches diameter is jiarallel to a plane of projection, its view 
on that plane is a circle x inches in diameter. Its view on the other 
plane is a straight line parallel to the ground line (Ai't. 7(\ 7/. e). 

(h) When the plane of a circle is not parallel or perpendicular to a 
plane of projection, its view on that plane is an ellipse. 

(c) Let it be required to find the views of a circle, the plane of 
•which is neither parallel nor perpendicular to II or V. 

J^ir-st Method. — (1) Assume the circle parallel to one of the planes 
of projection, and draw the top and front views of it in this position. 
(2) Keep it ])erpendicular to one plane, but incline it to the other, and 
find the new top and front views (second step. Art. 85). (3) Incline 
the plane of the circle to the plane of projection, to which it lias been 
kept perpendicular in (1) and (2) (thirtl step, Art. 85). 

Illustration: (1) Assume tlie circle Figure 89 parallel to 11. Its top view 
is a circle. Its front view is a straight line. C)n the circumference of tlie circle 
assume any number of points. (Tiiese points may be assumed, for example, 

about 30° of arc apart. Each point will have two views, which may be num- 91) is exactly like the top view of Figure 90, but turned with respect to the ground 
bered and lettered in the usual way.) line. (The angle wliieh the major axis, for example, makes with the ground 

(2) In Figure 90 the circle has been kept perpendicular to V, but inclined to line depends on the angle which the plane of the circle makes with Y.) The 
H. The points in the new top view (Fig. 90) corresponding to the points as- new front view (Fig. 91) is an ellipse found by points derived from correspond- 




FlR. 1 



Fin. 90 



Fig. 91 



sullied in Figure s9 are easily found by the method exjilaiiied in the second step 
of the process (Art. 8.5). This new top view will be au elli[ise (Art. 87 i), 
plotted by means of the points just found. 

(3) In F'igiire 91 the ;iiiglc which the plane of the circle makes with H is the 
same as in Figure 90, but it has now been inclined to \ . The new toj) view (Fig. 



ing points in the front view (Fig. 90) and the top view (Fig. 91) (third step. 
Art. 85). 

Remark ; Tliis metliod is general, and may lie applied to any curve or irresular 
figure. NdU! tliiit tlie major axis of an ellipse wliicli is a view of a circle, is always 
equal hi Icugili to the diameter of the circle. (Wliy V) 
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Second Mi'tliod. — III the case of a circle, a mncli shorter method 
tlian tliat giviMi aljove is to assume but four jioints in a figure such 
that tile C(jrresponding points (jt tlie succiMMiing figure will he the 
eiuls of tjje maji)r and minor axi's of the re(jnired ellipse. 

Illustration : The ends of tlie axes in the top \iew (Fig. 90) correspond 
respectively to the extreme top ;ind h.ittmn points and tlie extreme left and 
right points of tlie circle (tup \iew, Fig. S9). To tind the axes of the ehijise in 
the front view (Fig. 91) is more difticnlt. The method is as follows: The line 
in I'll (Fig. 91) is the top view of that particular diameter of llie circle wliicli 
is parallel to ^'. (Wh_v?) Hence the corresponding front view 1\' 2v (Fig. 91) 
will ecjual the true length of the diameter of the circle. lvL'\' is the major 
iixis c)f the ellipse. To tind the points Iv and iv (Fig. 91), tind by measure- 
ment 1h and 2h (Fig. 90), then Iv and 2v (Fig. 90), and project across from 
the front view (Fig. 90) and down from the top view (Fig. 91), as indicated. 

The ends of the minor axis 3v and 4v (Fig. 91) are found as follows: In 
the front view (Fig. 90) revolve the circle about a diameter parallel to Y until 
the circle is parallel to V. The broken circle is the view of the circle in this 
position. The point 2v will move to 2v(u). (Why?) The point 3v(b) is 9fl° 
of arc from Liv(R). He\'olve the circle back and 'i\'(\x) moves to :3v. 3v is 90'^ 
from "2v, and hence must be one end of that particular diameter of tlie circle 
perpendicular to the diameter 1-2. Hence if :-)V is projected across to the 
front view (Fig. 91) on to a line perpendicular to and bisecting Iv 2v (Fig. 91), 
the new 3v (Fig. 91) is an end of the minor axis. 4v is an equal distance the 
other sidi; of the intersection of the two axes. 

88. SuEFACES OF Re\'ollttion. — The views of a ci/Under, the axis 
of which is perpendicular to H or \', are a circle and a rectangle. 

The views of a citiii\ tlie axis of wliich is perpendicular to li or V, 
are a circle and a triangle. 

If the axis of a cylinder or cone is inu'nllel to neillier H nor V, a circular base is 
jirojected in an ellipse (Xr\. ST) 

Cylinders, cones, and oilier similar solids are assumed as /■(>//'/ solids, unless it is 
olherwise specified. 

Any view of a sphere is a circle equal in diameter to a great circle 
of the sj^liere. 

89. Giv^eii : One vieu) of a point on a .snrfdcc of revolution to find 
the other viev. 










H 








'■•\ 


2H:__ 


-J-H-- 


3h 


^-x- 

.......y 






qH 
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(o) General Metliod : Every point in a surface of revolution must 
lie in some one element (straight line or a circle) of that surface. Let 
the to}i view of a ])oint lie given. Through this view draw a top view 
of tlie element in which the point lies. Find the front view of the 
same element. The front view of the given point will lie in the front 
view of the element, and the line joining the two views of the point 
must be perpendicular to the ground line (Art. (iT h). 

If the front view of a point were given, how would the top view be found ? 

(h) Illustk.vtion : Cyti inter. — Let 
In (Fig. 92) be the top view of a point 
1 on the surface of a cylinder. Re- 
quired Iv. 2ii :>ii is the top view of 
the element through the point 1. This 
element intersects the circumference 
of tile right-hand base in 3h. The eir- 
ciiniferenee appears as a straight line, 
but if it is revolved to the jiosition in- 
dicated by the broken circle, :3n will 
move to 3'. It is now seen that the 
element intersects tlie circumference a 
distance X above the liorizf)ntal diam- 
eter 11(1, of which <ni aw is the to[> 
view and the point (tav the front view. 

Therefore 3v must be a distance X above a«v on the fr<uit view of the circum- 
ference. 2v :jv is then the front view of the element, and Iv, the required 
view, is on 2v 3\', ;is indicated in the figure. 

TIk; line 2ii on is also the top view of another element directly beneath 2-3, and as 
far below the diameter an as 2-3 is above if. In could therefore be the top view of an- 
other point, of wliic'li I'v is the front view. 

Question : How would the top view In be found if tlie front view Iv were given ? 

Illustration: Cune. — Let Iv be the front view of a point 1 on the surface 
of a. cone. lo'ipnreil 1 ii. 

(c) Fh-xi Mi'ltiiKt (Fig. 9:;): The cone can be conceived as made, up of an 
infinite number of (drcles, from one of zero diameter at the vertex to one of 
nil diameter at the base. The particular circumference in whicli the point 1 
must lie is of the di;;nneter til). The top view of this (drcle is found as indi- 
cated, .and In is the required jioiiit. 
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Fifi. 93 



Fig, 94 



Fiii. 95 



(d) Second Method (Fig. 94) : The front view of the particular clement of 
the cone in which 1 must lie is 2v Sv. The top view of this element is found 
as indicated in the figure, the position of Ih is then evident. 

Question : How would Iv be found if Ih were given in either of the above ex- 
amples ? 

Iv is tbe front view of anotlier point on the surface of the cone directly behind ], 
the top view of which is I'li (Fig. 93). 

(e) Illustration : Sphere (Fig. 69). — Let Ih be the top view of a point on 
the surface of a spdiere. liequired Iv. The sphere can be conceived as made 
up of an infinite number of circles, increasing from zero diameter in front to the 
diameter of the sphere at the centre, and decreasing to zero diameter again at 
the extreme rear. The diameter of the particular circumference in which the 
point 1 must lie is e'qual to aa. There can be only one circle of this diam- 
eter in the front view, and Iv must be on its circumference, as shown in the 
figure. 

Ill is the top view of another point on the surface of the spliere directly beneath 1. 
IV is the front view of this point. 

Solve the problem by conceiving the circles of different diameters, all perpendic 
ular to the vertical axis of tlie sphere. 

Find In when Iv is given. 



PLANE SECTIONS. 

90. When an object is cut by an imaginary plane and the 
portion cut is shown in a separate view, the latter is called a 
section view. 

Section views are useful in showing the invisible parts of an object when broken 
lines fail to make the drawing clear. For example; a hollow object having soraetljing 
within whicli it is necessary to sliow can lie conceived as cut in two by a plane, and part 
of the shell removed, leaving the interior in full view. Section views are often drawn 
in place of an end, side, top, or bot- 



tom view. The portion of the object 
cut should be section -lined. (See 
Art. 39.) 

Illustration: The section view 
of a box (Fig. 96) shows how the 
bottom of the box is set into the 
sides and how the top laps over. 
This would be slioviin in an end 
view, but not quite as clearly. The 
cutting-plane was assumed parallel 
to the end of the box. 




y///////////////////////////////A 



^W///////////////////^^^^^^ 




Fifi 96 



91. CvLi.vDEK. — Axis Parallel to H and V; Catthuiplane Parallel to V 
(Figs. 97,98). 

Tlie plane is assumed a distance h in front of the axis of tlie cylinder. It 
cuts from the surface of the cylinder two elements, tlie top views of wliich are 
botli represented by the line aa. The front views of the same elements are 
found as in Article 89 h. That portion of the cylinder between these fiont 
views is the true section cut by the plane. 

Find section cut by a plane parallel to II a distance b aboi-e the axis. 

92. Cylinder. — A.ci.t Perpendicular to H ; Cuttimj-plane Parallel to V 
(Figs. 99, 100). 

The plane cuts the circunifereiice of the circle in the top view in two points, 
a and a. The space between the front views of the corresponding elcnicuts 
cut from the surface nt the cylinder is the true section cut by the pLmc. 

The plane was assumed a distance Ij in front of the axis. How would the section 
be found if the axis of tlie cylinder were perpendicular to V and ilie cutting-plane 
paralkd to 11, a distance 1/ above the axis'? 
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Fk;. 97 





Fig. 98 

93. Sphere. — Cut hi/ a Plane Parallel 
to r"(Fin-s. 101, 102). 

Assume 'tlie plane a distance h in front 
of the centre of the sphere. It cuts from 
the sphere a circle, the top view of which 
is a straight line, aa. The front view of this 
circle is easily found (Art. 89 c), and the 
space within is the true section cut by 
plane. 




Fig. 99 





Fir. 101 




Fig. 100 



Fig. lo2 



Find section cut from 
the spliere by a plane par- 
.'illel to II, a distance b 
above the centre of the 
sphere. 

94. Sphere. — Cut 
hij It Plane Perpendicu- 
lar to 11, at an An<jle 
of X" nvlli r (Art. 80 d) 
ami a JJ/slaiire ]_> from 
the Center of the Sphere 
(Fio-s. lu:;, 104). 

Whatever the curNe 
cut from the sniface of 
the spliere may be, its 
top view is the straight 
line aa. Let lii be any 
point in aa. Then Iv 
is easily found, since 1 
is on the surface of the 
spliere (Art. 89 e). By 
assuming several such 
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Fir;. lOa 




Fig. 1114 



points ill aa ami finding liie con-espond- 
iiig front views, tlio front view of tlie 
seetion itself can be drawn. Tliis 
front view is an ellipse, but tlie true 
section ent is a circle. 

A slioiler melliuil is lo fiml llie four 
points ill tlie front view, wbieli are the ends 
of tlie inajiir and hiiiiur ;ixes, and construct 
tlie ellipse by one of the metbods of Ariicle 

95. ScjuvKE 1'rism. — JJiise P<ir- 
aUel to ]i ; CxttiiKi - pIdKC Perpeiuhcu- 
liii- to V,nt Aii[ih' of X" to II (Figs. 
105, 106). 

The plane is located by its traces 
(Art. SO d). If the portion of the 
prism above the cutting - plane is re- 
moved, the top view (Fig. 106) shows 
the section cut, hut not in its true xize 
or shape, for the jdane of the section 
is not pai'allel to H or Y. 

If the section is revolved until it 
is parallel to a pltine of prnjection. it 
will be shown in its true outline. This 
is the usual wav of showing such a 
section. In Figure 106 the section has 
been revolved until it is pai-allel to A . 
The view thus obtained is placed any 
convenient distance to one side of the 
front view of the prism. 

96. < 'ylinuei^. — ^l,;'/,s- Prr/iijiKtien- 
lar to U ; Cutl'mn-phiue Perpendieiihir 
to H, at at, Aiiple of X" leitli V (Figs. 
107, 108). 

The method is similar to that of 
the preceding article. The section cut 
is an ellijisc, the major a.xis of wliich 



is equal in length to aa, 
and the minor a.xis to tlie 
diameter of the circle. 
(Why?) If any other point 
on the ellipse, as 1', is re- 
(piired, it is found as in- 
dicated in the figure. 

Find seetion cut from a 
cylinder, the axis of wliich is 
vertical. Cutting-plane per- 
pendicular to Y, at an angle 
with IF 

97. <-'vLIXDER. Axis 

Perpeiidicida r to H, Cnt- 
timj-plane Parallel to the 
Ground Line ( Fdgs. 109, 
110). 

Let the plane be given 
liy its traces Xii and Xv 
(Art. 86 h). Revolve the 
cvlinder cm its axis one 
quarter wav rcnind, and let 
the cutting- plane be re- 
^•|-llved witli it ; the latter 
now becomes peri'endicular 
to Y, and its traces in its 
revolved pi.^sitiiui are Xhir) 
and Xv(r). Tlie ellipse 
can now lie drawn as in 
the preceding article, and 
the cylinder revolved back 
to its original jiosition. 

conic sections. 

98. (") Hyperbola. 
In Figure 112 the axis 

of the cone is vertical. 




Fig. 105 




Fig. 1 06 
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(if |Miints is ubtaiin'il tlinni^ii «liicli tlio curve can be ilnnvn. This yives 
the tnu- (Wliy?) niitliiie of tlie section cut from the cone. It is a Iiyperbula. 



i'lu. 107 




Fic. liis 

Tbe cuttinu'-plaue is parallel to V, a distance /- in fmnt of tlic axis. Tlie lior- 
izontal trare of tlic plane is shown in the top view (V\>j:. \\-2). A^'llatcvcl■ the 
curve rut fn>ni tbe sxr/iire of tlie coue may be, tbe top view of it is the sti-aii^bt 
line, (I". It I'cmains tc) tinil tbe frout view i.f tlic curve. Let tbe point 1, 
of wbirb 111 is tbe t..|i view, be any pcint iu tlie cur\-e. If 1 is in tbe curve, 
it must lie on tbe .<<iir/iire of tbe cone, and In beino- assnineil, Iv can be found 
as in Articlt> sO c nv SO </. Bv assumiuL;- a number of points iu tbe to[i view 
of tbe cur\-e and tiudino- tbe corresponding- points iu tbe front view, a series 




Fui. 1U9 




Fh;. 110 
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Fig. Ill 





Fig. 112 



The top view of the highest 
point ot tlie curve will be direct- 
ly in front of the centre ot the 
circle. ("Why?) 

(6) Par.\bola. 

In Figiirc 114 tlie cuttin"-- 
plane is perpendicular to Y and 
parallel to the extreme left-liand 
element of the cone. Y'hatever 
the curve cut from the surface 
of the cone may be, the front 
view of it is the straight line, aa. 
Let Iv be the front view of any 
point 1 in the curve. In can 
be found as in Article 89 c or 
89 (/. Bv assuming a number 
of points in the front view of 
the curve and finding the corre- 
sponding points in the top view, 
the top view of the curve itself 




Fir;. 11.3 




can be drawn. This top view, liow- 
ever, is not the true outline of tlie 
section cut. This true section is 
shown to one side by a method sim- 
ilar to that of Articles 95, 96, and 
97. The true outline is a parabola. 



Fig. lU 
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Fig. 115 




111 the true section, what distance 
is equal to iia ' 

((■) Ellipse. 

Ill tio-ure 1 U! the euttino--|il;uie 
is pei-pciulieiil:iv to V. but the aiio-le 
it makes witli 11 is less than the 
aiio'Ie between an element of the 




cone ami the base, 
points in this line. 



Fig. 116 

The ffoiit view of tlie curve is a straiglit line, mi. Assume 
and tim.1 the top view of tlie curve as in the preceding article. 



The top view is iMt the true outline of the section ; this is, aecnrdingly, shown 
to one side. The true 'Hilline is an ellipse. 

Ri-;>t.\Ric . Tlie top view of tlie section in this ]iartieiil;ir illustration eauuot lie dis. 
tinguislied by tlic eye from a circle : it is in realily an elli[ise. 

Problem : A much quicker method is to construct the ellipse on its two axes. 
How can the lengths of the minor and major a.xes be found ? 

CONIC SECTIONS, 

Let X represent the angle an elemciit of a right circular cone makes wiili the plane of 
the liase. Wlicn this eoiie is cut by a plane, making an angle with the plane of the liasc ; 

(h'ciitr than X. the curve cut 
from the surface of the cone is a hy- 

poihilll. 

Eqihil to X, the curve cut from the 
surface of the cone is a juinilwhi. 

Zf.wtban X. tlie curve cut from the 
surface of tlie cone is an lUijixr. 

99. Sqi'.vke I'kis.m. — Fiict' lit 
'HI Aiiijlt: ivit/i r.' .ij-i!; Pirpendic- 
iilar to H. Ciifliiio - /i/'iiic lit (III 
^biflh- with II. PtrjHiii/iriiliir to F. 

The front view of tlie sectinii 
cut is a straight line, nn. Revolve 
this tsection about an axis perpen- 
dicular to ^', through the point <i, 
until it is parallel to 11 (Fig. 117). 
The section will tlien appear in the 
top \"iew ill its true outline. 

QlMCSTiox: AVIien the section is re- 
volveil, ihe front view of each limiting 
point will move in an arc of a circle as in- 
dicated in thehgure until the front views 
of all llicse piiints are in a line, through 
(J, parallel to tlic ground line. (Why?) 

\Vli\' do the tup views of the idrners of the prism all move in lines parallel to 
the ground line during revolution ? 

100. 11kX.\I.OX,\L I'VK.VMID. 

Let Figairc lis reiireseiit anv hexagonal pyramid, the axis of wliicli is ver- 
tical. The cutting-plane is parallel to V, ,a distance X in frcuit id' tlie axis; 
The top views of the points in wliicli this plane crosses the edges of the 
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pyramid are seen from inspection to be h and h. 
The [ilaiie cuts tlie perimeter of tlie base in o and a. 
Tiie points «v, 6v, 6v, and av are easily found and 
tbe true outline of tlie section cut determined. 

(JUESTiox : Why should the lines between the points 
found in tlie front view be straight 'Z 

101. Remakk : X solid is sometimes cut by a plane 
at an angle with H and Avith V. h>ucli a section involves 
nioi'e descriptive geometry tlum it is thought wise to in- 
troduce into an elementary work of this kind. To be idjle 
to draw the more difHcult sections and intersections, one 
needs to study descriptive geometry ilself. 



INTERSECTION OF SDKFACES. 

102. "When any two surfaces meet each 
other, the}^ have a definite line of intersection 
— that is, a line common to both. Sometimes 
this line of intei'section is a straight line, as, 
TFiQ. 118 for example, when two plane surfaces meet, 

or it is a circle, as when two spherical surfaces 
intersect ; but more often it is a curve, to determine which a geo- 
metrical construction is necessaiy. The most general problems of 
intersection are difficult of solution. In practice, however, nearly 
every object is bounded by plane faces or surfaces of revolution, the 
position of which with respect to 11 and Y may be so assumed as to 
render the work of finding tlieir intersection easy. 

103. General Method. — A general method for finding points on 
the line of intersection of two surfaces is here given. It is assumed 
that at least one of the surfaces is a curved surface. 

Pass a ])lane such that it will cut at least one line from each of the 
two surfaces. The point in which a line cut fi-om one surface meets 
a line cut from the otli(,'r surface is a point on the line of intersection. 
(For since it is in each of the lines, it is in each of the surf;ices.) As 
many such auxiliary parallel ])lanes should be passed through the two 
surfaces as may be necessary to give points close enough together to 
determine the curve of intersection. 



Each auxiliary plane will usually give at least two required points— moie often 
four. The plane should be so chosen that the line cut from either surface is one easily 
drawn, as, for example, a straight line or a ciicle. Thus, for a cylinder, pass planes 
parallel or perpendicular to the axis; for a cone, however, they should be ihivugli the 
axis or perpendicular to it. 

104. Intersection of Two Cylinders. 

Let tlie axes of two cylinders of different diameters bisect each other at 
right angles. The axis of one cylinder is perpendicular to 11, tlie axis of the 
other parallel to both H and V. 

Conceive a piano passed through both cylinders parallel to V (Figs. 119 and 
121). This plane will cut from the surface of the horizontal cylinder two ele- 
ments, the front views of which are easily found (Art. 01). The front views of 
the two elements cut from the surface of the vertical cylinder are found as in 
Article 92. 

The points in which the elements cut from the cylinders intersect are points 
in the curve of intersection. The points indicated by the small circles in Fig- 
ure 121 are the front views of these points, and therefore lie in the front view 
of the curve of intersection. 

By passing a number of these auxiliary planes parallel to V, a series of 
points may be obtained throngli which the front view of the curve of intersec- 
tion may be drawn. This curve is shown in Figures 120 and 122. 

Questions : What is the top view of the curve of intersection ? 

The plane passed through the two axes of the cylinders will give the extreme out- 
side poinis of the curves. (Why ?) 

The plane passed tangent to the smaller cylinder will give the extreme inner points 
ot the curves. (Why ?) 

Why would il be useless to pass a plane through the larger cylinder but too far iu 
front to cut the smaller cylinder? 

Tlie invisible portion of the curve on the back ot the cylinders is directly behind 
the visible portion. (Why ?) 

PnoBLKMS : (1) Substilute for the vertical or the horizontal cylinder a cylinder 
with iis axis parallel to V but at angle (say of 4.5°) with H, 

(2) Assume the axes of the two cylinders parallel to II. 

(3) Lei the axis of the smaller cyliuiler be a short distance in front of or behind the 
a.xis of I he larger cylinder. 

For these three problems use the method explained above. In (2). however, the 
auxiliary planes are jiassed parallel to H, and in (8) pass planes back of the axis nearest 
V to lind the invisible portion of the curve of intersection. 

Rem.\rk; Let a triangular prism, square prism, hexagonal prism, or other similar sol id 
be sulislitulcd for the vertical or Inu-iziuital cylinder. Planes parallel Oi V cut siraiiiht 
lines from the cylinder and the scilid, iiiul the points of intersection are found as before. 
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Fig. 123 



Fig. 124 







105. Intersection of Cvlinder 
AND Sphere. 

In Figures 123 and 124 the axis of 
tlie cylinder is vertical, but does not go 
tlirougli the centre of the sphere. The 
auxiliary plane in this case is passed 
parallel to V. The two elements cut 
from the cylinder meet the circle cut 
from the sphere ( Art. 93 ) in four 
points. These four points for each 
auxiliary plane are found in the front 
view, and the curve of intersection is 
thus determined. 

In this intersection tlie invisible portion 
of tlie curve is not directl_v behind or be- 
low the visible portion. Auxiliary planes 
passed hiick of the axis of the cylinder or 
centre of the sphere will give points on the 
invisible portion. (Wh}' ?) 

Questions: Assume the axis of the cyl- 
inder to pass through the centre of the sphere. 
What is the curve of intersection 1 

What auxiliary plane will give the \o\\- 
est point of the upper curve of intersection 
and the highest point of the lower curve? 

What auxiliary plane gives the extreme 
right aud left points of the curve of inter- 
section? 

PnOBi.EJt . Assume the cylinder with its 
axis to the right or left of the centre of the 
sphere, and a small portion of the cylinder 
not passing through the sphere at all. Use 
the same method. 



Fig. 12 



Fig. 12Ci 



SPECIAL APPLICATIONS OF ORTHOGRAPHIC PROJECTION 



79 



106. Intersection of Cylinder 
AND Cone. 

Assume the axes of a cyliiulei- and 
a cone to intersect at right angles, the 
axis of the cylinder parallel to II and 
V (Figs. 127 and 128). A horizontal 
auxiliary plane will cut straight lines 
from the cylinder and a circle from the 
cone (Fig. 129). The two elements 
cross the circumference of the circle in 
four points, the top and front views of 
which are shown in Figure 129. Thus 
a number of auxiliary cutting-planes par- 
allel to H will determine the top and 
front views of the curve of intersection. 

Note : In this problem the top views 
of the ponils of intersection are first found, 
and from them the front views are deter- 
mined. 

Questions ; What auxiliary plane gives 
the highest poiut in the frout view of the 
curve? Lowest? 

What poiut of each curve is given by a 
plane through the axis of the cylinder? 

Why not pass auxiliary planes parallel 
to V? 

Why is the invisible portion of the curve 
directly behind the visible portion (front 
view) ? 

Problems : (1) Assume the axis of the 
cylinder in front of tlie axis of the cone. 

(3) Assume the cylinder high enough up 
to cut the cone in two. 

Use the method explamed above for both 
problems. 
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107. Intersection of Cylinder a\d Hexagonal Prism. 

Let the axes bisect each otlier at riglit angles ; axis of the cylinilcr vei'tical. 
The method is the same as for two cylinders (i\rt. 104). The work is indicated 
in Figure 131. 

108. Intersection of Hexagonal Prism and Sphere. 

LTse the method of Article 105. The work is indicated in Figure 132. 
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Fig. 132 



109. DKVELC)rMp:NT of Surfaces. — When a surface is unfolded or 
unrolled into a plane, the outline is called its development. Only 
cylinders, cones, and plane surfaces can be thus develo[)ed. 

The surface m;iy lie opened or cut at anjr desired point to begin the development. 

110. i'-t) Development of the Sriudler Cijlinder of Fie/ are 122. — In 
Figure 122 let it be required to develop one end of the smaller cylinder, 
and for sake of clearness in explanation let this end be taken by itself 
(Fig. 133). Wlien unrolled, the circumference of the base will become a 



straight line, aa, the length of which is computed from the diameter of the 
cylinder. The distance from the base to the curve of intersection can be 
measui'ed at regular intervals and transferred to the development as follows : 
(1) Draw any number of elements equal distances apart on the surface of 
the cylinder. This is done by revolving the circumference to the position 
indicated by the broken circle, dividing it and revolving it back again. Draw 
the elements 1, 2, and 3. These elements are equal distances apart on the 
surface of the cylinder, although the lines themselves are not equal dis- 
tances apart in the drawing. (Why?) (2) Divide the line aa in the develop- 
ment into as many equal parts as were laid off on the circumference. From 
each of the points thus obtained lay off the lengths of the corresponding ele- 
ments, 1, 2, 3, etc. Through the ends of the elements draw the curve. The 
surface thus obtained, if rolled together, would form a small cylinder which 
would fit against the larger cylinder of Figures 120 and 122. 

Since the curve ot intersection is symmetrical, a number of the elemenls are of the 
same lenglh ; these liave the same numbers in the figure. Thus there are f(jur elements 
of the same length marked 3. Tlie development is usually found direct!}- from tlie orig- 
inal view of the interseclion. 

(tj) Development of the Cylinder of Figure 126. — In Figure 126 an end of 
the cylinder can be developed by the method already given. Each element 
must be measured by itself, however, and the distances to the invisible as well 
as to the visible portions of the curve must be used. 

KoTE ; The invisible portion ot the curve is not shown in Figure 126. 

(c) Development cf the Cone ef Figure 1-30. — In Figure 130 the develop- 
ment of the cylinder can be found by the usual method. In the develop- 
ment of the cone (Fig. 134) the radius of the circular arc aa is equal in 
length to an element of the cone CWhy ?), and the length of the arc itself is 
equal to the length of the circumference of the base. This arc is divided 
into as many equal parts as were laid off on the circumference of the base 
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Fir;. 134 

of the cone, and the corresponding elements drawn from the vertex. The 
tnte distances along an_y one of these elements to points on the curve can he 
found by revolving the element until it is parallel to H or V (Art. 73), and these 
distances laid off on the corresponding element in the development. For ex- 
ample, revolve the element through the point h (Fig. 130) until it is parallel to V. 
The point h will move to i', and the distance from the vertex to h' will be the dis- 
tance to lay off along the corresponding element in the development (Fig. 134). 

111. The developments of the surfaces of Articles 90 to 100 are 
easily found by the methods of Articles 110 {a), {h), and (c). 

In finding the intersection of the surfaces of two solids, it makes 
but little difference whether the axes of the solids intersect or not. 
If, however, the axes are not at right angles to each other, the problem 
is usually more difficult. (See Art. 101.) 

SHADOWS 

112. It is sometimes required to find the shadow cast by an oliject on 
a horizontal or vertical plane. In this case it is best to use the ^first angle 
of projection, letting II and Vrepresent the planes upon which the shad- 
ow falls. If the object is in the third angle there can be no shadow 
on IT, unless light comes from hekyw the object instead of from aJjove it. 

Remark : Tlie subject of shadows is of little practical value. It, liowever, affords 
practice in the use of the first angle of projection and furnishes examples in tinting; 
otherwi.se its importance would hardly warrant the space recpiired for explanatioD of 
principles. 
6 



113. Problems in shadows fall into three classes: 

F'u-si. — The shadow cast liy tin object on the ]ilanes of projection. 
SiriiiKl. — The shadow cast l»v it upon some neighboring oliject. 
Third. — The line of separation of light and shade on the object 
itself. 

114. Shadows on II and A^. — Geueml Method. — (1) Select from 
insjiection of its views those limiting points of tin object which cast 
shadows. 

A point of an object casts a sliailow wlien tlie ray of Ught which striices it, if pro- 
duced, meets II or V withnul ynsxiny throiKjh ntujiuirt of tlie object. 

(2) Find where the ray of light through each of these points pierces 

II or V. 

The direction of llie rays of light is assumed to l)e sucli tliat eacli of the two views 
of any particular ray makes an angle f)f 45° with the ground line. 

(3) Draw the outline of the shadow through the views of the 
points found in 2. 

115. To Find Wiieke any Lini: Pikrces IT or V. — To find where 
the line 1-2 (Fig. 135) }iierces 11, produce its front view, Iv 2v, until 
it meets the grountl line in 

Xv. Tlie two points, Xv and 
Xn, are the two views of tlie 
point in which the line 1-2 
pierces II. (Wijy?) If the line 
meets V instetid of II, the 
views of the point are found 
as indicated in the figure for 
the line 3-P. 

Every ray of li.glit, if produced, 
must meet bolli planes of pi'ojection, 
since tlie latter are of indefinite extent. 
Tims, in Figiu'e f35, ilie ray 1-3 meets 
the horizontal plane at Xn and the ver- 
tical ]ilane at Yv. 

SlmdnwH are never drawn behind 
or below the ground line, but it is some- 
times necessary to find out wdiere a ray 
would go if produced. Fig. 1.3,5 
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Fig. 136 




116. Shadow of 
A Square Prism on 
H. 

If the base of tlie 
prism (Fig. 136) is in 
H, tlie points 2, 3, and 
4 east sliadows. A 
ray of liglit tliroiio-li 1, 
for example, must pass 
through tlie prism to 
reaeli II ; therefore 1 
does not cast a sliadow. 
Tlie points in which the 
rays of light through 2, 
3, and 4 pierce H are 
respectively X, Y, and 
Z. The views of these 
points are found, and 
the outline of the shad- 
ow drawn as indicated 
in Figure 137. 



117. It is evident from the above example that : 
(T) If an edije of (in ohject h parallel to a, plane, its sJiadoio on that 
2>laiie is a. line parallel to itself and ef the same length. If any pilane 
surface is parallel to a plane, the sliadoio on, that plane is identical in out- 
line with tJte surface itself. 
(2) Vertical edges in 
cm ohject cast lf>° lines in 
tlie shadow. 

When a surface is parallel 
to a plane it is usually neces- 
sary sinnply to fiud the shadow 
cast by one of itsliniiling points 
to determine the whole shadow. 

118. Shadow on H 
AND \ . 

If an object is too near Y, 
part of the shadow will fall 
on V. Figures 138 and 139 
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Fig. 141 





Fig. 143 



Fig, 142 



illustrate surli a case, the pvism 
of Kin'ure liiCi iiaviiiw' Ik'cii moved 
nearer tn ^'. In tliis exaiiiple, it 
is neeessarv in liml where eertaiu 
rays of lii;iit [lieree ^' iiisteail "f 
II (Art. 115). The iiietliod is 
iiidieatcJ fnr the ra\' of lii;-ht 
tliroun'h <iiie eoiaier bv dotted 
lines (Fig. l;!9). 

119. S|I.U)OW OF A IlEX.\a- 
ON.\L I'kISM ox 11. 

The method nscil is e.xaetly 
like that of Article lit). The 
work is indieati'd in Figure 140. 

120. Shadow ok a C'vlin- 
DEK ox 11. 

Figures 141 and 14l' illus- 
trate the shadow <d' a cylinder 
with its axis \ertical. Since the 
U[i|ier base is parallel to 11, its 
shadow is a circle. Hence find 
the point in the shadow where 
a rav of li^ht thriMigh the centre 
of the upi>er base would strike 
11. The whole outline is then 
easiU" fi'Und. 

121. Shadow of T «• o 
rii.ocKS ox 11. 

Fi^'ures 143 and 144 illus- 
trate the shadow of two blocks 
(Ui II. Xote that points in the 
Icircr base of the np[ier block 
cast sinnlows. 

122. Shadow of Circle 
rAK.M.i.Ei, -ro ^'. 

F'ignre 1 4.") shows the top and to X. Its shadow on 11 is an ellipse, points of wdiicli arc easily found as 
front views id' a eii'cle parallel illustrated b\" Is. 




Fig. 144 
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133. Shadow of Circle Perpendicilak to II and ^', 
Figure 14G is another common case wliere the circle lies iu a profile plane. 
The shadow construction is different from the preceding problem, because one 
view of a point on the circumference cannot be determined by dropping a per- 
pendicular from the other view. Let any point, as Iv, be given ; In can be 
found as indicated. Draw rays through these points and proceed as before. 



/C:ix-1-X"^: 
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124. Shadow of Oxe Ob.ject rrox Another. — The foregoing 
paragraphs relate to sliadows on the co-ordinate planes only. A much 
more difficult problem is to find the shadow cast upon some second 
body whose shape is known. The general method is to draw the 
views of the rays through limiting points of the object which cast 
shadows, and find where these rays meet the surface which receives 
the shadows. The difficulty lies in finding out idiere tlie rays meet the 
surface in cjuestion. A different method has to be employed in each 
case, dejiending upon the surface on wliich the shadow falls. 

125. Shadow of a Part of an (Jh.iect on .Vnotiiek Part. 




Fir;. 147 



Figure 147 is an example where the 
shadow upon the object itself has to be 
determined as well as the shadow on the 
horizontal plane. 

The object is a sipiare prism with a 
square projecting rim, and its shadow 
on the horizontal plane is found by the 
method already e.\[ilained. 

Tlie method of finding the shadow 
of the rim on the lower part of the prism 
is indicated for one point by the dotted 
lines. Thus in the trip view, for exam- 
ple, the dotted line through the front 
Corner rc[)resents the ti.p view of a ray 
of lio'ht tlirongh the under corner of 
the rim. This line is drawn until it 
strikes the fi-ont face of the prism. 

The point on the front face thus found is a point in the shadow and is pro- 
jected up to the front view. 

The dotted line through the upper left-hand corner (front view) is drawn 
until it strikes the rim, and the top view of the point thus found is a point of 
the shadow cast bv the prism on the rim. 

126. SiiADOAv OF a Cone upon a Cylinder. 

In Figure 1 40 the direction of the light was assumed in such a wav as to nuike 
the shadow correspond to that in the photograph (Fig. 148). The dotted lines 
through the vertex of the cone (front view) and the shadow of the vertex (top view) 
indicate the directions of the front and toj) views respectivelv of a rav of light. 

The shadows of the cylinder and cone on the horizontal plane can be found 
separately by methods already described (using, however, the new directions for 
the views of a ray of light). Shadows of the cylinder ends are found as in 
Article 122. 

To find the shadow of the cone on the cylinder, first find the two elements 
of the cone which determine the shadow. To do this, imagine a horizontal 
plane through the base of the cone and find the point where a ray of light 
through the vertex would pierce this plane. (The />oh^ view of this point is at 
b.) From the top view of this point (not shown in the figure) draw tangents 
to the top view of the base of the cone, and from the points of tangenc\' draw 
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Fig. 148 




lines to the top view of tlie vertex. These two lines will be the top views of 
the required elements. The f]-<ji]t views of these elemeuts are easily found ; 
they are lines from the vertex to Iv and I'v. 

On the front view <i{ one of these elements assume a point as o, and find a 
in the top view. Through ii. in the fiont view draw the front view of a ray of 
light until it strikes the rirele (front view of the eylinder). The point of eon- 
tact is the front view of the point in wliieli this particular ray of light strikes 
the surface of the eylinder. The corresponding to[i view is easily found, and is 
in the edge of the shadinv, J3y assuming a niunber of such points ami repeat- 
ing the process, the outline of the shadow can be determined. 

Remarks ; The dotted circle (top view) is used simply to find the top views of a 
and t(', points assumed for illustration in tlie front view. 

The element from tlie vertex to Iv in tlie front view appears like a vertical line. 
It is not quite vertieul. If the rays of li^'ht liad been assumed in llie usual way, tliis 
element would liave been in the left-liand portion of tlie cone. 

The curved edges of tlie shadow are portions of two ellipses. Tlie ellipses corre- 
spond to those which would be cut fKjm the surface of the eylinder by two planes. 
Through what lines would these planes be passed ? 

If a line is drawn from the centre of llie circle (front view of the cylinder) perpen- 
dicular to the front view of a my of light, it will cut the circumference in a point which 
is a front view of an element. The top view of this element terminates the shadow of 
the cone on the cylinder. 

A portion of the base of the cone casts a shadow on the cylinder. If this were not 
so, the curve forming the edge of the shadow would not reverse. This portion of tlie 
shadow is found by assuming points in the circumference of the base (instead of in 
either of the two elements) and proceeding as before. 

127. The line of separation of light and shade on an object can usually be deter- 
mined by inspection after the shadows on the co-ordinate planes ha\e been found. In 
manv cases it can be determined by preliminary inspection witlujut drawing a line. 
When the body has projecting edges -which cast shadows on itself, tiie pKjblem is bke 
that of Article 136, and miiy become quite difficult. 

128. Shade Lines. (See Art. 3G.) — The sliadows described in the , 
preceding paragraphs are rarely constrncted except on important 
drawings which are finished up with a lirusli. (Ordinarily, no lirush- 
shading is used, and the tippearance of the drawing is much improved 
by the use of shade lines (Art, 3('i). 

It is almost universal, in working drawings, to shade the right- 
hand and lower edges in all vinrx. This is equivalent to changing 
the direction of the ray of light in top views and end views. 
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Adhering to the common method, these general rules may be 
given : 

(1) Shade right-hand and lower edges in all views. 

(2) Shade left-hand and upper edges of all holes. 

(3) Lines between visible planes are not shaded. 




Fig. 150 



Fig. 151 



The lower riglit-liand quadrant of outer circles and tlie upper left-hand quadrants 
of inner circles are shaded (Art. 36 b). 

Note: In some of the line drawings illustrating shadows the above method was 
not used. The draftsman needs to use judgment and common -sense in applying 
general rules, remembering that a shade line should lie between a light and a dark 
surface. 

129. It should be noted that curved surfaces, like c\'linders and 
cones, have no abrupt line of demarcation between light and shade. 
The lightest portion of sucli surfaces is that normal to the rays of 
light, and the darkest is tangent to the rays ; the depth of shade de- 
pends on the amount of light reflected from each part. The shading 
shouUl be lightened somewhat at the very outside edge of curved 
surfaces to give the appearance of light reflected from adjoining- 
objects. 
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130. Inteoductory. — Except in ai'chitecture, but little api)lic:ition 
of perspective is made in Mechanical Drawing. The conventional 
isometric and cabinet pi'ojections which are used as a substitute are 
easier to execute from measurement, but they do not always ^\ve a 
satisfactory appearance. The princi|iles of ]iei'spective, however, are 
not difficult to acquire, and they can be ap]ilieil in a, mechanical wav 
"without speciaf artistic training; nevertheless, distorted results may 
follow, even from a coi'rect application of the laws of perspective, if 
they are applied to absurd or limiting positions. For example, to 
represent on paper the appearance of a six-inch cube at a distance of 
t/i/ve inches from the eye is an absurdity, vet it can be di'awn bv the 
rules of perspective as easilv as in any otiier position. It shonld Ije 
remembered that a perspective drawing represents the object as it 
actually appears to the eye; hence the best point of view should be 
obtained, and good judgment in this mattei' is as important as a formal 
knowledge of the rules of perspective. 

131. Perspective Drawixc^ Defineti. — As treated in mechanical 
drawing, the problem of perspective is : Given tlie top and front views 
in orthographic projection (Chap. Y.), to construct tlie jir/z-.tj^-ctive 
projection . 

The subject, is soraelimes called linear perspti.-tiiy, siiiee it relates only to the liues 
of the di'awins. Perspective is evidently more laborious tlian ortliograpliic projection, 
because tlie top and front views, instead of being tlie end sought, are only preliminary 
to it. But the top and front views need not be drawn complete in all cases. Some- 
times they may be drawn only in part, or omitted altf)gelher. 

The relation of perspective to orthographic projection must fie 
kept clearly in mind from the start. In Figure 152 tlie oliject is in 
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the third angle, the top and front views being drawn in the usual way. 
The eye is in the fourt// aiu/lc, in order to see the object througii the 
vertical plane, whicli is assumed transparent. The perspective draw- 
ing is made on the vei'tical plane, the outline being determined by 
straight lines drawn from the object to the eye. The intersection of 
these lines (or rai/s) with the vertical plane gives a drawing which, if 
shaded and colored, would exactly represent the object as seen from 
the assumed point. 

In most treatises on Perspective the object and the eye of the diserver are taken in 
the first angle. Then it is not convenient to make the perspective drawing on V. An- 
other ]>hine is assumed parallel to V, and placed between tlie oliject and tlie eye, and is 
called the PiHure Plane. 
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The term Picture Plane will be employed in lliis chapter, tbotigh it is coincident in 
every case with V. 

132. PicTrEE Plane. — The plane on which the perspective draw- 
ing is made is called the Picture Plane. 

The plane of the paper, therefore, corresponds to tlic picture plane. In this chap- 
ter the picture plane coincides witli V, tlje vertical plane of projection, in every case. 

133. PoixT OF Sight. — The position of the eye is called the Point 
of Sight (Fig. 152). It is denoted by the letter S (projections Sv, Sh). 
Where no ambiguity would result, the vertical projection of the point 
of sight is also denoted by S. 

Tlie perspective drawing varies witli every position of the eye, even if the object is 
fixed, as is evident from Figure 153. Hence the importance of choosing the best position 
for the point of sight. This is immaterial for the present, however, since the methods 
are tlie same wherever the point of siglit is chosen. 

134. Elementary Construction. — The sim])lest construction of a 
perspective drawing is based upon the use of two projections of the 
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point of sight. The method is illustrated in Figure 153. Sv and Sh 
are the two projections of the point of sight in the fourth angle (Art. 
131). In the fourtli angle a point is below and in front of the ground line. Hence 
its two views are on the same side of the ground line. The pyramid 12 3 4 5 
is given in the usual way by the top and front views. 

(a) Join 1h, 2h, etc., to Sh. These lines are the horizonttd ]iro- 
jections of rays to the 2)oint of sight, and need be drawn only to GL. 

(1>) Join l-2v, 3-l:V, 5v to Sv. These lines are the vertical pro- 
jections of rays to the point of sight. 

(c) Froin the intersection of each line of the first group (>() with 
GL, drop perpendiculars to the corresponding line of the second group 
(1)). The outline Ir 2p 3r, etc., thus determined, is the perspective of 
the pyramid. 

It will Ije seen that making a perspective drawing by this method is a simple proc- 
ess. Its defect is the use of Sh, which generally falls bej'ond the limits of the drawing- 
board. Hence, in actual work, a modification of this method, not involving Sh, is used. 
This construction is of fundamental importance, however, and shoula be understood 
before using the abridgeil niclhod. 

135. Lines in Special Piksitions. — The perspective of any line 
can alwtij's be determined l)y the method of Article 134. Yet in some 
cases the perspective can be found much more simply, at least as far as 
its dtn.'ction is concerned. There are three important cases : 

(a) When a line is jwrpendicular to tlie pieture plane, iifi jierspeeiice 
converges tmoards Sv. See Figure 1.53 for an example, where the line lH-:iH is 
perpendicular to the picture plane (V) and its perspective 1p-2p points towards Sv. 

ih) ^YJlen a. line is parallel to the picture plane,, its perspective is 
parallel to the front viein of the line. See B'igure 1.j3, wdiere the line lH-4n 
is parallel to the picture plane and the perspective 1p-4p is parallel to l-2v 3-4v. 

(f) Horizontal lines at \'° to the picture p>lane concenje ui jierspiec- 
tive tcrirarils points on either xiiJe ef Sv, anel at it, distance from Sv eoued 
to that (f til e point ef si<j]d from the pnctu re plane. 



Fig, 1.53 



Tlie truth of the above statement can be demonstrated from Figure 154. iv-2v and 
lH-2n are the front and top views of a horizontal 45° line, one end of wdiicb is in the 
picture plane. The perspeclive of the line is 1v-2p, found by the method of Article 134. 
Now, instead of terminating the line at 2. let 2 recede indefinitely to the right along the 
line. The dotted line joining Svto 2v will become a horizontal line through Sv. The 
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line joining Sn to 3h will become a 45° line tlirougb Sh crossing GL at <i. Dropping 
a perpemlicular from a, the perspective of the point (when inlinitely distant) is foinid 
at D. Hence the perspective of the line 1-3 extends only from Iv to D, however long 
the line itself miiy he. But Sii-b (= Sv-D) is the distance from the point of sight to 
the picture plane (Fig. 152) ; hence tlie statement is proved. 

Since tlie location of D depends only on the direction of 1-3, and not on its posi- 
tion, it follows that anj' line parallel to 1-3 would also converge towards D. 

Horizontal 45° lines sloping in the opposite direction would converge towards a 
point si mated at an equal distance to the left of Sv. 

136. HoKizoN. — A horizontiil line through the vertical projection 
of the ]loint of sight is called the horizon. It is used for construction pur- 
poses only, and contains the important points D on either side of Sv (Art. 135 c). 

137. Points of Distance. — Points in the horizon at a distance 
from Sv equal to that from the point of sight to the picture ]ilane are 



called the Points of Distance, or ]\reasuring Points. They are denoted 
by the letter D. 

The di.'^lancu fioni the ej'e (point of sight) to the p;iper (picture pl.-me) is tlie first 
thing to he iissmned in making a perspective drinviug. Hence the localiou of the 
points D, I), is always known. Ilorizontid 45' lines always extend, in perspective, tow- 
ards one of Ihese points (Art. 185 c). Tiii.s gives a method of measuring distances along 
lilies perpendicular tn llie picture plane (Art. 185 ii)\ hence the term measiiriiu/ points. 

138. Vaxishixi; P(ii.\Ts. — In persiiective, partillel lines converge 
towards a point called the Vanishing Point. Every set of parallel 
lines htis its own vanishing point, depending on the direction of the 
lines. All horizontal lines vanish somewhere in the horizon. If per- 
pendicular to the picture plane they vttnish ;it Sv (Art. 135 a). If 
horizontiil 45° lines tiiey vanish at D (Art. 135 <■). 

139. (JoNSTKUCTioN OF THE DKAWix(i. — By using the measuring 
points (Art. loT) the horizontal projection of the point of sight may 
be omitted. This overcomes the defect of the method described in 
Article 134. The vertictd projection of the p(jint of sight will here- 
after be denoted bv S. 
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In Figure 155 the projections of the p3'raraid 1h, Iv, 2h, 2v, etc., are 
taken exactly as in Figure 153, Article 131, in order that the two meth- 
ods may be compared. The following are the steps of the process : 

(a) Assume S at any desired point and draw the horizon through it. 

{h) Take D at any arbitrary distance on either side of S. 

Hints rygiirding tlie choice of these two points will he given later (Art. 144). 

{c) Connect each corner of the vertical projection to S by dotted 
lines (Art. 135 a). 

{d) Draw a horizontal line through 1-^v, and laj^ off on it to the 
left distances equal to «-1h, «-2h from the top view, giving h and c. 

(e) Join h and r to D, and get the desired perspective of the two 
points at 1p and 2p. 

(/') Tiie pyramid can be completed from these jioints, because 



1p-1p is parallel to (l-2v)-(3-4v) (Art. 135 h), and likewise 2p-3p. 
Draw diagonals of the base and erect a perpendicular to get the 
vertex, or find it by measurement as shown In' the dotted lines. 

The truth of the method employed to find Ip and 2p rests upon 
the fact that the lines joining h and c to D are 45° lines (Art. 135 c). 
Hence right triangles are formed with the right angle at lv-2v. The 
opposite sides are equal, as (l-2v)-5 = ln-«. Therefore the correct 
measurement is made from lv-2v towards S. 



perspective. 

140. Reduced Points of Distance. — The eye is generally assumed 
at such a distance from the paper that D falls beyond the limits of 
the drawing-board. This difficulty is easily avoided by using reduced 
points of di titan ce — that is, new points at one-half, one-quarter, or 
some other simple fraction of the distance from S to D. The con- 
struction is shown in Figure 156. D is inaccessible, and it is desired 
to measure 2" from Iv towards the point of sight. Take D/2 half-way 
out to D, lay off 1" to the left of Iv, and join. The point Ip thus ob- 
tained is the same as if the full size dimensions were used. If 
D/4 had been used, one quarter of 2", i. e., ^" would have been 
measured to the left of IV; if D/s, one eighth of 2", and so on. 
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/ I ^''' 141. Another Example. — 

When none of the lines of the 
figure are parallel or perpendic- 
ular to the picture plane, more 
construction lines are needed, but 
the process is the same. Figure 
157 shows a pvramid with its axis 
vertical and one edge of the base 
inclined to the picture plane. 
The top and front views, ground line, horizon, S and D, are assumed 
in advance. Reduced points of distance are used. Each jioint of the 
front view is joined to S by dotted lines, and the points are located in 
perspective as shown in the last article. The only point needino- ex- 
planation is the vertex. 5v is so near the horizon that it is best to 
project it to the ground line, perform the construction there for deter- 
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mining- the perspective, and project down to 5i>. The vanishing points 
of the opposite sitles of the base are at V and V in the horizon. Only 
Y is shown in J^'igure 157, as the other point falls be^'ond tlie limits of 
the figure. 

142. Circles in Peksi>ectivk. — All cii'cles will appear as ellipses 
unless their plane is parallel to the picture plane. The best method 
of drawing them is to construct a circumscribing scjuare and sketch 
the ellipse freehand through eight points, wliich can be easily deter- 
mined. Figure 15S shows a cube with one face in the picture plane 
and a circle inscribed in eacli face. The eight points through which 
each ellipse passes are evident by inspection. 
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Fio-ure 150 shows the same cube with inscribed circles when no 
face is parallel to the picture plane. No explanation is needed, as the 
construction is evident from the figure. It is possible to oljtain the 
major and minor axes of the ellipse, but for practical work it is not 
necessary. 

A good e.x.-imple of a cii'cle wliich appeal's as au ellipse ia true perspective is 
fiiruisbed b}' Fig. 103, page 73. 

143. Spacing Equal Distances. — The following is a useful method 
of spacing equal distances in perspective. Figure 160 shows the 
method a])plied to a line converging towards S. Lines 1 and 2 are 




Fk;. 1.59 

given, and it is required to draw others, ])arallel and equidistant, 
.loin 2 to ;iny convenient point, A^ in the horizon, and produce to 1'. 
1-1' is a horizontal line. Draw a line from 1' to S, which gives 3' on 
a horizontal through 2. -Join 2' to V and get o. Eepeat the operation, 
and any desiretl nuniber of points can be obtained. 

The ordinary wa}' of measuring would be cumljersoine in this case, 
if many equal divisiijns were required. 

144. Choosing the Point of Skiht and V S 

Points of Distance. — While the choice of '"j-x^ 

these points is entirely tirbitrary, S(:)me gen- 
eral directions may be given. It should be 
remembered that the distance from S to D is 
the actual distance from the eye to the pict- 
ure plane. This depends on the size of the 
paper, and is frequently made about twice the Fm. 
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diagonal of the sheet. If the distance is made too small, the result 
is a picture having " steep perspective." 

A single large object, a house for example, should be viewed from 
a distance equal to at least twice its greatest dimension. If, for ex- 
ample, the height were 40 feet, the point of view might well be SO 
feet away. Then the plan and elevation drawn to a scale of -i feet to 
the inch would make S to D equal to 2U inches, and ])roduce a per- 
spective drawing something less than 10 inches high. 

It is generall\' best to place the point of sight nearly in front of a 
large object, as a building, in order to get the most natural appear- 
ance. The plan must then be inclined to the picture plane. An easier 
but less satisfactory way is to place one face of the object in the pict- 
ure plane and station the eye to one side. This is shown for a skele- 
ton house in Figure 161. 

Figure 162 shows the more approved arrangement. A sufficient 
number of dotted lines are given to explain the principal constructions. 
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145. A drawing is a loorJiing drawing when it gives all the infor- 
mation necessary to make the object it repi'esents. A working draw- 
ing may be divided into tiiree parts : 

(1) Tlie outline drawing showing the shape of the object. 

(2) Tiie dimensions giving the size of ever}' part. 

(3) The lettering — /. t., printed explanations and directions. 

A working drawing should l)e so complete tliat one can make the nbject from it 
witliout asking questions. It is evident, then, that dimensions and pi'inted notes are 
essential parts of such a drawing. 

If W(jrkino' drawings are made according to some common metliod 
understood and agreed upon by those who use tliem.the adviintage to 
all concerned is obvious. Hence the development fi'om tlie crude free- 
hand sketch to the modern shop or working drawing. 

Wliile llie metliod of making a working drawing varies somewhat in its minor de- 
tails, the general metljod is everj^where the same. Hence there are certain definite rules 
by whicli tlie draftsman must lie governed if he wishes his drawing to conform to the 
standard practice. The most important t)i these rules can be oliserved liy tlie student 
at the outset. A manufacturing company oflen requires its draftsmen to observe cer- 
tain customs adapted to its own work; these simply supplement the rules above re- 
ferred to. 

146. In making a working drawing the aim should be: 

(1) To make it conform to the standard ])ractice. 

(2) To show the shape and give tlie size of every part of the oljject. 

(3) To answer in advance all reasonable cj[uestions one might ask 
in mtiking tlie object. 

(4) To work cjuickly witliout sacrificing accuracy or neatness. 

147. In working drawings the object is represented by two or 
more views, each of wliich is drawn according to the principles of or- 



thograpliic projection (Chaps. V. and A^L). Hence these views are 
reall}' projections, not plviarcH (Art. (32 c). As man}- such views are 
shown as ma}' be necessary to com}iletely represent the object (Art. 
(i2). Tlie arrangement of views depends on which angle of projection 
is used (Arts. 01 c and (14 h). In the third angle the top view is drawn 
iib(jve the front view, the bottom view below tlie front view, the end 
view nearest the end it re])resents, and so on. In the Hrst angle the 
})ositions of the views are reversed — the top view is below the front 
view, the bott(an view above it, tind so on. Since both methods of ar- 
rangeiiient are used, it is well to mark each view, as, for examjile, exd 
VIEW, T(.>i' VIEW, etc. 

Kem.\I!K : Experienced draflsmen seldom think of the planes of projection at all 
(Art. tU(/). 

Ground lines arc usually omitted, and the distance of the oljject from II or V re- 
spectively is immateri;il. 

When a section view is drawn the jioint at which the section is 
taken is indicated on one of the other views. The usutil wtiy is to 
draw the trace of the cuttuig-])l;ine, lettei'ing it, and marking the sec- 
tion view to c(jrrespond, as, for example, section at aa. (See section 
view, Plate 1, Jiage 101.) 

The poi-tion of the object behind the cutting-plane is shown in 
the section view when it heljis to exjilam the section, otherwise it is 
omitted. 

When an object is synimetrictd with respect to an tixis, and a sec- 
tion view is needetl, it is often sufficient to show a half section com- 
bined with a half of another view. Thus, in Figure 163, a half end and 
a half section view is sliown. 
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For the location of a section view no rigid rnle can be followed ; 
the draftsman is often obliged to place it in some particular sjiace by 
the arrangement of the other views. If possible the following ar- 
rangement should be observed when the portion of the object back of 
tlie cutting-plane is shown : A section seen from above occupies the 
same position as a top view ; looking from the riglit towards the left 
— the same position as a right-hand end or side view ; from Ijelow — 
tlie same position as a bottom view, and so on. "When the section 
view sliows only the portion of the ol)iect cut, its location is of little 
importance, but, in general, it should be as near as possible to the view 
Avhich shows where the section is taken. 

148. The DEAwma — To Snow the Shape. — The drawing shows 
the shape of the object. It may be made to any convenient scale, as 
full size, half size, quarter size, and so on. In drawings of large oljjects 
scales of f" = l'-0", or 1" = 1'-U", or lJ-" = l'-0", or 3" = l'-0" are com- 
monly used. In this case measurements on the drawing are l)est laid 
off by means of the " Architects' Open Divided Scale." (See Art. 21.) 

Shop units are feet and inches, and halves, quarters, eighths, six- 
teenths, and thirty-seconds of an inch ; the decimal scale is, therefore, 
not often used in working drawings. 

Drawings are first made in pencil. If a number of copies are re- 
quired, instead of inking the drawing on the original sheet a tracing 
is made (Art. 43) and blue prints taken (Art. 43). Experienced drafts- 
men often make the drawing directly on the tracingdinen itself. The 
size of the sheet depends upon the nature of the drawing. Sheets 
36" X 24" and under are preferable to those of larger size if the limits 
of the drawing will permit. If several different sheets of drawings of 
the same object are needed, it is well to make them all of one size. 

A drawing which re])resents the object as it will appear when fin- 
ished, with each part in its ])roper i)]ace, is called an '' am' i nil ed drain- 
ing.'" A '-detaJl draivivg" shows each part by itself. In tlie latter 
case parts adjacent in the oliject should, in general, be near each other 
in the drawing. Small details are sometimes shown l)y themselves 
to larger scale if clearness is gained thereljy. Parts made on the same 
machine or by similar processes are often collected on separate sheets. 



(Thus there may be sheets of bolts, screws, forgings, castings, etc.) 
This is onljf done where large numbers of pieces are wanted and their 
manufacture has been somewhat systematized. 

When an object is symmetrical it is often sufficient to show one- 
half of it. Long pieces can frequently l)e " broken " to save space and 
still show all that is necessary if the trur dimensions are given. (See 
blade of T-square, Fig. 103.) When two pieces differ only in being 
rights and lefts, it is usually necessary to draw but one of them, noting 
on the drawing that two are wanted — one rifflit and one left. 

Remark : Two pieces aie right and left in the same sense that the two hands are 
right and left. Wlien placed side by side they are symmetrical with respect to an im- 
aginary straight line between them, but when placed one on top of the other they do 
not coincide. It usually makes no difference irhich is called a right — simply designate 
one the right, the other the left. 

Invisible lines are usually shown, unless the clearness of the draw- 
ing is sacrificed thereby. For example, if the top and bottom views of 
an object are both shown, tletails on the bottom, which would lead to 
confusion if shown in the top view, are omitted altogether in the top 
view, but are shown in the bottom view, where they appear as full lines. 

Open bolt and rivet holes are usually blackened, or if large they 
are cross-lined ("hatched''). Shade-lines may be drawn as explained 
in Article 12S. Some draftsmen omit them altogether. Cvlindrical 
surfaces may Ije shaded, according to Article 37. Sometimes, in the 
drawing of one part of an object, a second part connecting with it 
and not otherwise shown is indicated by broken lines throughout to 
show better the connection. 

149. Dimensions — Size hf an Object. — The size of every ]iart of 
an object is given by the dimension figures and lines. Dimension 
lines show exactl_y from what point to what point the measurement 
is to be made. (See Fig. 103.) Such lines should be distinguished 
from the regular lines of the drawing. TItey are usutillv drawn in 
one of three ways: (1) Fine broken lines (Fig. 163). (2) Terv fine 
black lines. (3) Red lines. Red lines of tracings print more faintlv 
on blue process paper than do the black lines, and this has the effect 
of making the tlrawing itself stand out with the dimension lines in 
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the background. Dimension figures and the arrow heads at tlie ends Feet and inches are indicated thus, 6-0". It is l:)etter to give 
of a iliniension line, liowever, sJionliJ alinai/n he h/ark. anvtliino' twelve inches and over in feet and inches. Custom varies 
Figures sliould be plain, heavy, and unmistak'aljle — words- can hr in this respect. Widths of Itoards, ii'on plates, etc., are given in 
guevvc<! af.hrif not f(jiiivs. It is better to leave a s]3ace in the middle inches Avhen writing down the three dimensions, as, for examjJe, 
of each dimension line for the dimension, than to write the figures 14" x J," x lO'-O". In such a case the oriler of dimensions is 
above or Ijelow the line. If a dimension line is so short that a di- width x thickness x length. The width Ijcing given first, and assumed 
mension cannot be given on it, the latter is placed to one side and an at right angle to the '"grain," the direction of the latter is thus de- 
arrow indicates where it belongs. TJic (luii.enslons o)b a dfawbuj art- termined. Thus, in a 14"x-j-"xS" piece, the grain is parallel to the 
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thone of the ohject rept'esented, no matter what the scale may be. 
Thus, for example, an inch on the drawing may be marked I'-O" if 
the corres[)onding dimension of the object is a foot. 

Any dimension less than a foot is given in inches, not in decimal 
])arts of a foot. Anything less than an inch is given by the nearest 
vulgar fraction whose denominator is <i4, 32, 1(^ s, 4, or 2, not b}' any 
other fraction whose denominator is not one of these numbers nor by 
a decimal. Thus, for example, ^, |, f, -^, ^|, ^, hut not i, f , |, 4, etc. 

Remark : Draftsmen ofteu use decimals in coinjnitiiuj dimensions, changing a frac 
tion of au iucli to a decimal part of an iucli, or inches to a decimal part of a foot, and 
fke rerm, by means of tables designed for that purpose. As a rule, the line between 
the numerator and denominator of a fraction should not be oblique. 



s" edge. In iron the width of a plate is at right angles to the rolled 
edge, and in manv cases, as in bending, it is impoi'tant to know which 
dimension is the w'idth. 

If a dimension is in even feet, or in feet and a fraction of an inch, 
the 0" should be noted. For exami)le, 2'-U", or I'-O", or I'-OJ", not 
2', nor 1', nor l'--V, noi' 1-s "■ 

Dimensions should be put on the drawing a-sfiist on tlieij are used 
in inoliuoj it. It is a bad plan to wait until the drawing is finished 
before putting them on, as some are apt to be omitted. 

The very .same dimensions iised iu making the drawing (perhaps more) will prob- 
abl}' be needed in making the nbjeef. A draftsman needs to look at his drawing from 
the standpoint of tlie workman to make sure of noting all the duuensions needed. 
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Long dimensions are put on first, and these are subdivided and 
re-snl)divided as may be necessary. Care is necessary to inal^e the 
subdivisions '' foot up " the longer length. In Figure 1G3 the 2-2" 
was first put on, then the 2" + l'-10" + 2" = 2'-2", and so on. 

In order that a line of dimensions may be readily footed up, it 
should, if possible, be continuous from end to end, as, for example, 
the line above referred to in Figure 163. Dimension lines should not 
cross each other when it can be avoided; if such lines must cross, do 
not mark the length of either near their point of intersection. Di- 
mension lines should stop at exactly the right place. If necessarj', 
make the dimension more definite by a note, as, for example, 2'-3" 
C toC of holes.' 

Draw centre lines, such as axes of symmetry, with long and short 
dashes — alternating (Art. 32 c, page 33). Many dimensions can be 
referred to such lines. Do not give unnecessary dimensions nor re- 
peat the same one in different views unless a positive gain of clearness 
is made thereby. "Over all dimensions" are of considerable import- 
ance to save the workman the trouble of " footing up " or adding 
together a number of smaller lengths. 

In certain classes of work angles are given in degrees. In others, 
however, they are given by the length of the perpendicular when the 
base is a foot. This is easily fountl from the natural tangent of the 
angle (Fig. 14, page 38). If it is desired to give tlje angle exactly 
it is sometimes necessary to assume a base of more than a foot. It 
should always be noted, therefore, whether it is a foot or more by 
giving both sides of the triangle. 

Illustration : Let it be required to give an angle of 30'. The natural tangent 
of 30° is 5774. It tlie Ijase is a foot llie perpenilieular is 0.5774 of a foot. 0.5774 of a 
foot Is nearly 6|| inches. Hence for an angle of 30° tlie rise is 6]| inches per foot. 

The size of a small hole is given by a note, as, for example: 
"Hole l-l" in diameter." It often happens that when several suc- 
cessive dimensions are alike they can all Ije given by a single note. 
For example, suppose that thei'e are twelve rivet holes in a straight 
line, the distance Iietween two adjacent holes being six inches. In- 
stead of putting down the dimension tj'' eleven times, draw a dimen- 



sion line parallel to the line of holes, and extending between the lines 
drawn out from the centres of the two end holes; on this line note: 

11-spaces (0} 6" = 5'-6" ; or, another form, 5'-6" = ll-6" spaces. 

A drawing is usually made to scale, but if scale and dimensions as 
given do not agree, dimensions are assumed to be correct and govern 
the men in the shop. In some shops workmen are not allowed to 
scale drawings, but must use onl}^ the written dimensions. In such 
places it is not of so much importance whether the drawing is exactly 
to scale or not. In all shop drawings, however, it is absolutel}' essen- 
tial that eacli dimension be definite and correct. 

150. ISToTKS — Questions Answered. — The workman should have 
all questions which he may need to ask answered on the drawing 
itself. Notes giving all the necessary information are, therefore, an 
important part of a working drawing. Such notes are printed in the 
vacant spaces, care being taken to avoid a crowded appearance. They 
should be so printed as to be easily read from the JxAtoin and right- 
hand edges of the sheet, /. e., as a rule, from left to right and from 
the bottom up. An arrow is frequently used to indicate to what part 
of tlie object a note applies. Abbreviations are often used, such as : 
E to E (end to end), O A (over all), C to C (centre to centre), and 
many others learned only from practical experience. 

The lettering should be plain freehand, with all words and figures 
perfectly legible (Art. 33). Script writing should be avoided. 

Notes should be given stating the material used, how each part is 
to be finished, and the number of pieces required. Special directions 
pertaining to the making, painting, shipping, etc., are given in notes 
on the drawing. In the case of large structures, like bridges and 
buildings, it may also Ije necessary to put on notes pertaining to erec- 
tion. 

Some of the standard form of notes are as follows : 

THE HALF NOT SHOWN EXACTLY LIKE THE HALF SHOWN. 
ALL DIMENSIONS ON THIS HALF SAME AS FOE THE OTHEE HALF 
EXCEI'T WHEN MAEKED OTHERWISE. 

ALL IIATEEIAL OAK UNLESS OTHERWISE MAEKED. 
PLANE THE TWO ENDS TO EEEFECT CONTACT. 



AVUUKING DUA WINGS 
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CLIP CORJS^EK 6" EACH WAY. 



ALL UdLTS 



DIAJL UNLESS OTHERWISE SPECIFIED. 



BOLT TOUETIIKR FOR SIIIPMKNT. 
TWELVE PIECES LIKE THIS REQUIRED. 

These are a few of the many staiuUird notes found on workinu: 
drawings. Tliey are given to call the attention of the beginner to the 
fact that there are certain cnstoniar^y forms for sucli notes. For ex- 
ample, the clause '-unless otherwise marked" or "unless otherwise 
specilied" is a saving clause often necessary to the first i)art (jf the 
note. To learn these notes, liowever, nothing is better than a study 
of good examples in actual working drawings. . 

Every class of work has its own peculiar iioles. For example, the machine drafts- 
man notes/((H onr when a whole piece is to have a machine finish. Tlie bridge (hafts- 
inau notes Four j)iei:c'S requireil. 2-Mark AB, 2-i[itrk AL differ <jiili/ in. /icing riijlitg mid. 
Icfls. (Different members of a bridge are marked with paint befoie leaving the sho]i, 
each with the letters called for on the drawing, to facilitate erection.) In tlie same 
way characteristic notes could be cited from other classes of work. 

Titles are printed in the lower right-hand corner of the sheet. As 
a rule, elaborate titles are to be avoided. Use freehand letters, tlie 
largest letters for the most important words, the next largest for the 
next important, and so on. For example : 

DETAILS OF A 

BOOK CASE 



SCALE 



SIZE 



Slieet 3 of 4 Sheets 
_For niatertiii inid /ini.'iir see Slue/ 1 



When there are more tlian two sheets, number each one and give the 
total number of sheets. Notes piM'taining to material, general hnisli, 
etc., are usually printed on one sheet only. The scale is often omitted. 



the word "sctde" followed by a thtsh signifying that the drawing is 
to scale, l:)ut tlittt there are reasons tor not oivino- it. 

Tlie notes on a drawing form a set of specifications and should be 
definite. It is more difficult to word a note so that it cannot be mis- 
understood than at first appears. The aim should be to make every- 
thing so clear tmd unmistakaljle that tlie most stupid man in the shop 
will iinderstantl exactly what is wanted. 

SroGESTIoXS 

If one view shows a larger porti(jn of the object in its fnie shape 
and size than any other view, start that view first. 

Estimate tin? space each view will occupy and draw centre lines, 
allowing space enough Ijetween views for dimensions. 

Build up each view about its centre lines. 

Project lines from one view to another to save work with the scale. 

It is often inijiossible to complete one view at ;t time, and in many 
cases it is necessary to carry tilong two or more views simultaneonsly. 

Dra\v the main outlines first, lietails last. 

Be sure important me;isur(Mnents to centre lines, etc., are correct 
before putting in dimensions of smaller details depending on them. 

If a dimension is ttltered, change (/ll dimensions related to or de- 
pending ujion it to correspond. 

Order of inking: Arcs of circles, irregular curves, straight lines, 
centre lines, dimension lines, (hmensions, section lining, notes, title, 
and border line. 

For directions for the use of tlie instruments, for precautions to 
insure neatness, hints for rapid drafting, directions for hiying off 
measurements, line notation, letterino; the drawinir mixino' of inks, 
shade lines, section lines, tracing, blue printing, constructions for 
parabola, hyperbola, and elli]3se, etc., see Chapters II. and III. 



PLATES 



THE STUDY OF A WORKING DRAWING 



When a workman is making an object from a working drawing, 
he must find tlie answer to his questions. " "Wluit shape f " How 
long?" "How wide?" "How deep?" ""What material?" "How put 
together?" etc., on the drawing itself. The primary object, tlien, of 
a working drawing is to answer questions. x\.s an illustration of how 
the student should study such a drawing, the following questions are 
given, the answers to which are to be found on the working drawing 
of the card file (Plate I.). 



THE BOX 



Shape ? Length O. A. ? Width ( ). A. '. Depth O. A. ? 
Three dimensions of Top '. Bottom '. Sides ; Partition ? 
Widtli and depth in the clear of each conq^artment i 



Location and size of sliding strips for each drawer ? 
How are corners of bos fitted and held together ? 

THE DEA.WEE 

Shape '. 

Size and shape of sides '. Front pieces i Back pieces ? Bottom ? 

How are the l^ack and front pieces fastened to side pieces ? 

Width and location of grooves for sliding strips ? 

Location. sha[)e, and size of handle? 

(JENEEAL DIEECTIOXS 

What is glued to bottom of box ^ Material for box; Material 
for drawer '. Outside finish ? 




Card File (Plate I.] 



luu 



PLATE I. 
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Top I'leiv of Dra/i'er . 
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/■■fc.'he i-^'/af/y of 6 root/ e to -f/t C//^ing ■STnp 
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Cyherry ra ^ h eip/ cmoof/; 

Orcyyvers a^re iv//ife p/ne. 
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<^ec/ cma^ 0/uec/ to<ye-f-^- 
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S/a'e l//ti'V cf Di'ayt'or. 
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Enc^VieiTi' or Di^ai^er. 



\Front f'^^ 07^ 





Front View. 



^ 



<p< 



- /O - 

- 9 - 



SecTion on /Ixis AA. 
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WorKing Dr-QNA/inq 
of Cord Fi le. 
Scale 



^"^ f t3 T^aZ&AAjrH/ c/^isi of 94 
^ -X i* Shetfie/a ^Sc/ent/f/c Sc/ioo/ 
v'lv Vipt/e Uni^ers/ty. 
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Drawing DKSK Made kko 



.■ItOM THE WORKINO DrAWIND ON THK OPPOSITE PaGE 
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PLATE II, 




Secfion of Des\< o} Corner. 



T I. 

Section at BB. 



DRAWING DESK 

Material- Clear soil pine unless 
oihenvise stafect. and vamistyed 

Scats /"= 

C-H L. 
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^ii-ari^.-'S.wiv^jiiiii.iJ! 
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PLATE III. 




L.R.HOPTON. CLASS OF 1836 

SHEFFIELD SCIENTIFIC SCHOOL 
YALE UNIVERSITY 
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PLATE IV. 




A 
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PLATE V. 




Tool Chest. 
Isometric Pr o/ ecfion. 

Herbert f/ast/n Qs, C/ass ofQQ. 

Sheffield Scientific School 
il ale Universit y. 
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PLATE VI. 




PIRATE XV. 








^^^1 









^s:¥€,z.,;z^ Class of I8d9 
Sheffield Scientific School of Yak University- 
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PLATE VII. 




Perspective Drawing 
SHORE COTTAGE 

':)iax^ui(X.^.%tiMX<ifv. Class of '^^ 

Sheffield Scientific School, 

Uale Universitij 
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PLATE VIII. 



K- P = p''f':^l-»1 



Sections of Screw Threads 





= pitch 



P= P 




V THREAD 



U.S. STANDARD THREAD 



SQUARE THREAD 



Screws and Bolts 

Right Hand Screw Left Hand Screw Right hand Screw Machine Bolt with Standard Head and Nut 




"I/" Thread 





Convenjional meihod of 
representinq fhreads- 




Cross-Sections of Various Materials 

CAST IRON WROUGHT IRON STEEL BRASS LEAD WOOD.with qrain WOOD, across grain 










6. M^cxcJajrvuTi, 



115 



fiiiii'-iiil'-V.'- 



ijiilpip 



1???^'^ 




•, tl5£5^?5til*>5i4ti5£!^5tl 



